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IRRIGATION IN CALIFORNIA. 


By Wu. Hamwonp Haw. 
Mr, President and Gentlemen af the Society: 

Woe | was tovited to address this society I had oo mate- 
rial at hand on thy subject. [ have come to the east with- 
oul any notes of memorinda whatever, from which to prepare a 
lecture or uddress, no statistical data which would make a paper 
Wilushle, no notes of characteristic facts to render an address 
interesting, and no time te write anything to guide me in any 
Wy Lon proper treatment of the aubject, Some of your mombers 
have thought that TD hayy written something worthy of being 
reail, and henee this invitation to address you. But, even if they 
are right, people who can write cannot always:.talk, so if 1 fail in 
this miidress, shall hope, on the basis of their opinion, that you 
will find in the reports | have written something worthy of rend- 
ing. ‘The subject hae been announced as the “ Problems of [rri- 
gation in the United States.” I should like very much to speak 
broadly on that subject, but 1 am nunble to do so, for the reasona 
Theve given, and shall have to speak rather of irrigation in Cali- 
fornia, trusting that something which is said, may, perchance, be 
valuable in relation to the subject at large. Irrigation in the 
far weat, generally, i attracting o vast deal of attention. ‘This 
is particularly the case on the Pacific Coast—the field with which 
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Tam epecinliv sequainted. Dapprehend that although many gen- 
Hemen present diave a far-teaching and detinite appreciation of 
the subject at large, many others do not appreciate the value and 
Importance Of irrigation. In the arid parts of California (for we 
do net admit that California i# as aowhole arid) it isc vital mat- 
ter, There it is a question of fife, for the people; Not more 
than one-sixth of the tilloble area in the State can sustain a really 
dense popiilation, without irrigation; two thirds of it will not 
mustain even a moderate guopuintion, without intigation; while 
ie third will not sustain even a sparse population, without such 
artificial watering, Think well ovur these faets, ‘They are very 
signiticint. T dowkt whether they are generally apprecmted in 
Chlifornia ireelf, 

J have no dowht many persons are tamikar with the geography 
of the State, hut, doubtless, aome are net, California Hine A eobet 
line of 800 miles andy wihth of from [40 te 240 miles Tt ix 
travereiad almost throughout ite length by a oreat mountein chain 
extending along twar the eoxtern huundary, which is enlled the 
Sierra Novena, and by a lesser range, more broken and less unified, 
running parallel te thy coast, called the Vosst Range, the south- 
orm extension af which, after joming the Sierrn Nevada, te called 
the Stercn Muuire, and at the farther extremity, the Ban Jacinto 
and San iNego touritains. Within the interior of the State, 
looked down upon by the Sierra Nevada on the wast, amd closed 
in by the Coast Range on the west, i the great interior basin— 
the valley of the San Jowypuin and Sacramento rivers—forming & 
plain 450 miles long, with an average wiith of from 40 ta 40 
miles, Ovtwite of the Sierra Madre tm the southern part of the 
State, and within the (ome Hane, i auother interior valley, 
nearly 100 miles im length and from 20 to 90 totles im width, and 
outside of the Cosst Hunge, and lying next to the ocean, is a 
Hain whese length ts from a0 tu Zo miles and whith 16 ta 20 
miles, These three areas—the great interior valley, the southern 
interior valley, and the coast plain of the south—are the principal 
irrigation regions of the State. Numbers of smaller areas, as 
thesw in San Diego county, come in as irrigation regions of less 
importance, and the scattering valleys along the Coast Range 
farther north, as the Salinas, ete,, will come forward in the future 
as important irrigable districts of the State, Brill further nerth, 
in the interior, there are the great plains of Laseen und Mono 
counties, and some acattering valleys in Shasta county, where 
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ivmigation is also practiced or is being introduced, and thesy are 
ona par with the districts of San Diego county, in the matter of 
rank as irrigation regions, East of the Sierra Nevada, and at 
their base, lies the Owen's river country, an area stitable for 
irrigation, where irrigation is necessary aud where jt is being 
introduced. Upon the great Mojave desert aud the Colorado 
desert, there 14 ot present no irrigation, The water supply is 
very scanty. This iscan itrigation reyyieon of the future, batt it is 
not reyanhel by Californians ad a practicuhle one at present, 

With this general idea of the State, we will now look at the 
rainfall and water aupply, The State containg 157,440 square 
miles of territory, of whieh 17,747 drain into the ocean north of 
the Golden Gate, 21,605 drain into the actin siuth of the Golden 
Gate, 55,942 drain inte the tnterior basing, and 62,088 drain out 
it the Golden Gate. Of this territory which drains out by che 
Gelden Gate, 26,187 square miles comprise the Sacramento valley, 
41,305 square mies the San Joaquin valley, and 4,004 the country 
drminine directly to the bays, making the €2,080 given above as 
the whole area, 

The necessity for irrigation in California, and the relative 
necessity tn different parts of the State, are shown by the distri- 
bution of rainfall, The San Joaquin valley has an average of 
less than 10 inches of rainfall, the Sacramento has an average af 
hetwoun 1 and 20 inches. The great deserts of the Mojave and 
Colorada have an average of less than 10 inches, and in certain 
local ities only to 8 inches. The Salinas valley, a small portion 
ef the const above Loa Angeles, anda portion of the interior 
valley of the south, have also an average af less than 10 inches. 

So, we may say, that the great itrigation regions af California 
have average amounts of rainfall varving from abot 6 up to 24, 
hut generally leas than 10 inches, ‘This rain i6 distributed in a 
or five months of each year, with some slight shower in one or 
two months other than these; the remainder of the yeur being 
absolutely dry, with no rainfall whatever, Hence, you will ses 
at once, the necessity for the artificial application ‘of wnhter in 
California, In the older conntries. of Rurope, where irrigation 
has been practiced for centuries, for instance, in Spain, where 
water is need more extensively then in California, the annual 
mein rainfall ranges between 10 and 25 inches. te the irriga- 
tion regions of France, the mean rainfall ranges from 10 to 40 
inches ; in the irrigation regions of Italy, the rainfall is between 
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20 and 44 inches—for instance, in the valley of the Po, the elasaio 
land of irrigation, the annual precipitation is from 24to $5 inches, 
There are none of these European irrigation regions where the 
rainfall is less than 10, and generally it is over 20 inches. But 
you will see that the most of the Californian inngation regions: 
have less than 15 toches, some less than 10, and the greatest rain- 
fall of any large irrigable region in California is 18 inches, or, 
exceptionally, for smaller regions, 24 inches; while in Europe, 
the maxima are from 25 to 40 inches in countries where irriga- 
tion has long been practiced. It follows, then, that there is no 
lace In Eorope where it is so moch neoded aa over o large part 
of California. Another reason whr the necessity is felt in our 
Pacific (oat State, is found in the character of cur soila; and 
not alone the surface soils, but the base of the soil—the deep 
subsoils, We have soils excoptionally deep; soils which extend 
below the surface to 50 feet, underlaid by loose sand and open 
gravels, so that the rainfall of winter is lostin them, The annual 
rin #eldom runs from the surface. It follows that these lands 
are generally barren of yeyretation without the artificial applica- 
tien of water, 

Considering now the sources of water-supply: we have in the 
southern part of the State many streams which flow only for a 
few weeks after rainfall, and other streams which run two orf 
three months after the rainy season, But there is not o stream 
in wll California: cxouth of the Sierra Madre (except the Colorado, 
which bas it sources of supply outeide of the State) which flaws 
during the sammer with a greater volume than about 70 to #0 
cubie feet por sccotil—a stream 16 feet in width, ! feet deep, and 
flowing at the rate of 24 to 4 feet per second —a little stream that, 
in the eastern part of the continent, would be thought imeignifi- 
cont. The largest stream for six months in the year, in all south- 
ern Culifornia, ia the Los Angeles river. The Santa Ais river, 
the-oext largest, flows from two sevenths to one third as much : 
the San Gabriel, the next largest, has perhaps two thirds or three 
fourths as much as the Santa Afia; and so, a stream which will 
deliver as much water as will flow in a box 4 feet wide and 14 
feet deep, at a moderate speed, during summer months, would be 
regarded as a good-sized irrigation feeder in that southern country, 
In the greater interior basin or central valley, we find other con- 
ditions, Here we have a different class of stroama. The great 
Sierra Nevada receives snow upon its summits, which does not 
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melt till May or June and July, The melting of these snows ia 
the source of supply of the streams ; so that, while in far southern 
California, with two or three exceptions, the greater flow of water 
in the streams is almost pone by June, in this central region it is 
the period of the height of irrigation, and the streams are flowing 
at their maximum. Kern river presents about 2000 to 3000 cubic 
fect of water per second ; King’s crver presents in the moaximom 
flow of the season about twice to three times as much as Kern 
river; the Tuolumne river about as moch as King’s, As we go 
farther north, the Sacramento river predents more than three 
tines pe much aa the Tuolumne, a) that in the nerthern part af 
the great vaulley, where the rainfall on the valley itself ia oreatest, 
and, consequently, the necessity for irrigation is least, the irriwa- 
tien supply increases; and conversely, the greatest area of irriga- 
ton in the valley and the greatest necessity for it, ts, in meneral, 
where the water supply te homer, 

About 100 years ago irrigation was commenced in California. 
The Roman Catholic priests, coming from Mexieo where irriga- 
tion had Liiagr bert Practiced, ititradueed it, They established 
missions amung the Indians, started cultivation, and by the liber 
of these Indians built the original irrigation works, The practice 
of irrigation was extended in San Diego county, a4 far as we are 
able to trace, tu several thousand acres; in San Bernardino county 
in the southern interior Valley, they thus cultivated and watered, 
perhaps 2000 acter; and in Loe Angeles county there were pos- 
sibly 7000 geres irrigated under Mexican rule, ‘Traces of the old 
mission works ary found in San Diege, San Bernardino and Low 
Angeles counties, and as far north as Monterey county, 

Then tame the gold fever, when conala were dug throughout 
the foot-hills of the western alupeof the Sierra Nevada, for the 
supply of water forthe mining of gold: and these conule have 
sinve, in mony instaneéesd, been turned inte feeders for irrigation. 
Several thotsand miles of irrigation ditches have thus been created 
from old mining ditches, In 1852.4 band of Monmons onme from 
Salt Lake inte the San Bernardin valley: they bought a Mexiean 
grant rancho there, took possession of some old mission works, 
constructed othera-and started irrigating. That was probably the 
first irrigation colony, on a large seale, compesed of others than 
Mexicans, in California, In 1#i5, some Missouri settlers went 
into the valley of Kern river, diverted water from that stream, 
anid commenced irrigation upon asmall scale, In 1858, the waters 
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of Cache creek, in the Sacramento valley, wore taken out for orri- 
gation, Tn 185%, the waters of King's river were taken out and 
utilized for irrigation, These instances represinut in general eut- 
line the commencement of irrigation in the State, Now we hare 
in the neighborhood of 730,000 0r 80040) wores actually irriguted 
each vear, and that represents what would ordinarily be called an 
inition area of 1,200,000 sores ; and there are commanded hy 
the works—reasonably within the reach of existing canole—an 
area Of about 2,600,000 sores, 

In the organization of irrigation enterprises there is great 
diversity, Commencing with the simplest form, we have a ditch 
constructed by the individual pvigator for his own nae; we have 
then snevewsively ditches constructed by associated irrigutors 
without a detinite organization, for the servicer of their awn Ind 
oily: ditches constructed by regularly organized sssocintions of 
farmers, with elected officers ; works constructed by farmers whio 
have incorporated under the general laws of the State and tssaed 
stock certificates of ownership in the properties, for the service 
af the stockholders only ; works where incorporations have been 
formed for the purpose of attaching water stock to lands that 
are to he sold, bringing. in the elomernt of apectilation | then works 
where the orranization has been effected with a view of selling 
water-nights ; and finally, orguntations that are incorporated for 
the purpose of selling water, There is a great differences between 
the principles of these methods of organimation, and the practical 
outoome ts a creat difference in the service of water and in the 
duty of water furnished by them: In selling water, measurement 
of volume is made by modules—the actual amount of water 
delivered j® measnred—or itis sold by the sere served, or in pro- 
portional parts of the total available flow of the season, 

The peneral character of the irrigation works ef the State varies 
very much with the varying conditions tmder which it is prac- 
ticed, In the San Joaquin valley, King’s river, for instance, 
comes out of the mountuins nearly on a level with the surface. of 
the plain, cutting down not more than a few feet helow its hanks ; 
and henee but little labor is required to divert its waters out ipon 
the lands to be irrigated ; hat farther north, the Tuolumne, aa 
another example, comes out of the mountains ina deep enipon, 
and the foot-hills extend far down the plain on e¢ach aide, Tt is 
easily sien, then, that it will require a million or more dollars to 
divert. from the latterstream the amount of water diverted from 
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Ring's river by the expenditure of a few months’ work, by a 
ammall forve of the farmers themsel¥es. On King’s river, individual 
and simple cooperative effort is sufficient to bring water enough 
upon the plains to irrigate thousands of acres, while in the eas 
of the Tuolumne river it is abeolutely necessary to have associated 
mupital iin nmotnt—an entirely different principle of organi- 
mation from that which was originilly applied on King’s river and 
the Kern and other rivers in the southern part of the great contral 
valley, In diseussiens on the subject of irrigation some people 
have advanced the idea that the works should be undertaken by 
the farmers, and that capital ehoald have nothing-to do with 
them. That mav do very well where the physical conditions will 
admit of such a course, aud where nothing bot the farmers’ own 
wrvice depends apon it; but the great majority of the streams of 
Califormia are of such a character that the work of the farmers 
main avail nothing, ‘There must be strong associations and large 
capital Por this purpone special laws are required. On the 
Sunta Aria, in San Bernardino county, water has been casi | y 
diverted, and such is the case with every stream in the interior 
valley of San Bernardine and Lae Angeles counties, 

Capital for the first works was not required. The water was 
procured by primitive methods and the works were simple, But 
in San Diego, an entirely different condition of affairs prevailed. 
There the waters are hack in the mountains, twenty or twenty- 
five miles from the eoust, and the irrigable lands are close along 
the coast, or within ten or twelve miles of it. To bring the 
water cut Of these mountains requires the construction of ditehes 
following the moutitain sides for 20 to 35 miles But sim plas 
ditches do not answor, hecause of the great quantity of water 
lost from them, So the companies have resorted to fluming, 
and even to lining the ditehes with cement. Thus in San 
Diego, individual effort is out of the question. Farther north 
again, in the great interior valley, King’s river isa stream where 
cooperative and individual effort have been efficient, although it 
requires & greater amount of capital there than in the southern 
interior valley. In the southern interior valley, perhaps, €10,000 
would often build « diteh and divert all the water that the sup 
would furnish, On King’s river the works haye cost from &15,h) 
Lo $30,000 cach : on Kern river the works have cost from $15,000 
to $250,000 each: and on the Thoolumne they will cost from 
$1,000,000 ta $1,200,000 apieve On Merewd river, the: cost has 
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heen $500,000 for one work, Taking the streams from San 
Joaquin river north, that come ont of the Sierra Nevada, up to the 
northeru end of the valley where the Sacramento river enters it, 
every important stream comes into the valley within a deep gorge. 
The leds of several af the northern streams oreso filled up with 
mining debris that diversion from them would be comparatively 
easy, but in their natural state there is not an important stream 
north of the San Joaquin which could be utilized for irrigation 
by any other means than through the ageney of capital in large 
amount. On the west side of this grest valley the tilleble strip 
is compatatively narrow, Tt ison the lee side of the const range 
ef mountains, Precipitation is made first on the seaward face of 
the Const Range, ond then crosses the valley, drapping upon the 
inland facw of the outer range very litle more than opon the 
valley iteelf, where the precipitation 1 only aboot UW inches. So 
that we have ny streams coming ont of the Coast Hatge into the 
southern part of the interior valley specially noteworthy as Irrign- 
tion fewders. Butas we ge northward the Coat Range becomes 
wider, and the big mountatte basin containing Clear Lake fur- 
hishes a large supply of water to Cache Creek, probably enough 
for (0,000 terest Stay Creek flows between two ridges of the 
Const Range, and out on to the plains, farnishing about the sume 
mmonnt of weter > but etl) there are no streams from the Coast 
Range into the valley that are comparable with those of the 
Sierra Nevada. Tnthe northeastern) corner of the State, on the 
errant piles of Modow, we have the Pitt river, « stream af very 
conslerthle volume, but its wuters are in comparatively deep 
channels, not very well adapted to diversion, and the consequence 
ix, they have been utilized to a very small extont, only or small 
hovtom-land farms. The whole stream can be utilised, however, 
and thy oomntry is thireting for water, 

The practice of irrigation m California ts as diverse as it could 
well be. (Onlifornia, ae vou knew, covers a very large range m 
latitude, but a greater range in the niatter of climate and adapta- 
hilitw ta the cultivation of crops In the southern portion of the 
State, the orange and the banana ond many other semi-tropien! 
fruits fourtkh, Li some loenlities along the fout-hilis of the Sterra 
Nevada, also, those fruits fourish, particularly the ornnge amd the 
lemon, Inthe valley of San Joaquin, wheat is grown by irrigue 
tion, aml in some places profitably, and in Kern county quite 
profitably (were it not for high tronsportation charges), because 
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the cost of distributing and applying water has been reduced to a 
minimum, There the lands have been laid ont with aa much care 
and precision as the architect would lay out the stones tn a build- 
ing and the mason would place them, Irrigation is conducted in 
dome Kern river districts with the greatest ease, scarcely requir- 
ing the use of the shovel. The lands are so lard off with the 
cheek levels that hy simply opening gates in the proper order, an 
the irrigation superintendents know how, the waters flow ont and 
oover the suctessive plats or “cheeks” in their order, without 
leaving any standing water, aid finally fdowing off without mate-. 
rial waste. ‘This is the perfeetion of irrigation by the broad or 
submerging syatem,—a method wherem the-slope of the pround 
18 first ascertamed, platted by contours, and the checks to hold 
the water, cunstricted with seripers, aro then run ont on slight 
grade tantours—noet perfuctly level, but on very gentle slopes, 

There ja ne portion of the far soathern part of the State where 
the check method is applied as itis in Kern county. The practice 
in Son Bernarding is to. trrigate ontirele by runsing water in rille 
between the rows of plants, Ohrange trees planted a4 to 40 feet 
apart are irrigated by ills in plowgh furrows, 5 to 8 between 
rows, down the slope of the orchard, which slope varies from 
about i foot th a huni te4 or 5 inahundred, Jn Los Angeles 
county they tanke baoks alow o fot high araind each individual 
tree, forming hasind 5 ur i te J0oor 12 feet in diameter aceording 
to the size of the tree, Inte these the water ia conducted by a 
diteh, and the basin being filled, the water is allowed to remain 
and soak away. “Phe low, neariy flat valley lands, when irrigated, 
are generally divided into square “checks,” without reapect to 
the slope of the grownd, and the surface is siroply flowded in water 
stutnling 6 inches to a foot in depth, 

Tn the northern part of the State, in Placer and VWuha counties, 
clover is grown on bills having aide slopis of 1 to 15 feet in a 
hundred, and irrigated in plough furrows cut aronnd on contours 
—wWhick furrows ore abut to 1 feet apart horieontally—and 
the water is allowed to soak into the ground from each such 
furrow, 

These are the five principal methods of applying water : hey 
the chock system ; hy rills « by the basin method ; by the basin 
Inethod os applied to low valleys; and by contour ditches on 
hill sides, The method selected for any purticular locality 
ié determined not alone by the crop to be cultivated, but alse 
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by the alope of the land and the character of the eoil, For 
instance, on lands where oranges are cultivated, in the southern 
part of the State, where rills ore most generally used, water 
cannot be applied by the flomling svstem, for the renson that 
Irrigation would be followed hw cracking of the soil, so that 
the trees would be killed, Tt is necessary on such land to 
coltivate immediately after origation,; and the method of applicn- 
ton ts govertiod mone by the ent) than by the character of the 
cTUrph. 

We fitd in California very marke! aml impertant effects fol- 
lowing irrigation, For instaner, taking the great plaing of Fresniy, 
in the Sar Joaquin Valley: when iripation eommence thery 
Lwenty years aro, it Was 70 to 80 foot dawn to soil water—abso- 
lately dry ait] for nearly 60 foet—ond it owas the role throughout 
the great plain, 20 milox in width and 85 miles in loneth, that 
soil water was beyond the reach of the snetion pemps new, in 
places, water stands on the surfau 1, THshes ering, mrongiites breed, 
malarial fevers abound, and the penple are crying for drainage; 
aid lands, whose owners puid from five to twenty dallark per were 
for the neht to reeive Water, now tretil drainage, and irrigation 
mw considered unnecessary. ‘The amount of water taken from 
King’s river which was,a fuw yours ago, regarded as pot more 
than sufficient for one tenth of the land Inineditely commanded 
iiml that seemed to require it, is now applied to a Toarth of the 
wliole aren; so that af irrigation keeps on, the tite will come 
when the whole eooniry will require draining, 

Inu district, where water te applied by the bread method, 1 
mawin [Sy) enough water, by petiol measurement of flow, put on 
0 neres of land to cover it 18 feet deep, in one season, vould 
it all have been retained upon it dt simply senked inte the 
ground, or Towed out under the great plain. ‘Taking cross sec: 
tions of tina Country, north and south and east and west, | found 
that where the depth to soil water had, before irrigation, heen 
dbont 80 feet, it was then 20, 0, 40007 00 anid anace feet duwwn to 
it. “The acil water stood under the plain in the form of a monn: 
tain, the slope running down 4) to 30 feet in a few miles on the 
weet tml north On the touth and southwest the surface of this 
WALEr-ThOuntoin Was much more steep, Inthe Kern river country, 
we have w somewhat similar phenomenon, Irrigation, in the 
upper portion of the Kern delta, affects the water in the wells 4 
ar @ miles away. As [ remember the effect is felt at the rate of 
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about a mic o day, thatis to say, when water is used in irriga- 
ting the upper portion of the delta, or of Kern teland, aa it ts 
called, the wells commence to nee a mile away in twenty-four 
hours, and five miles away in perhaps five days. 

In the southern portion of the State, in San Bernardino county, 
at Riverside, ve Gnd no auch effect at all. There it was 70 to 90 
feet to soil water before irrigation and it is, as a general rule, 
70 to #0) feet sill Water applied on the surface in some places 
has never even wet the soil all the way down, and wells dug there, 
after irrigation had been practiced! for years, have pierend dry 
grouml for 25 or 40 feet before petting down to where sql waters 
have wettel a from below, The consequences of these phenom- 
endare twofold, [nthe firat place, in the country that fille up 
with water, the duty of water—the quantity of land which a 
given amount of water will irmyate—bas increased, Starting 
with a duty of not more thin 23 acres tha cubic foot of water 
por second, vo now find that, iu some loealities, this amount 
Innigates from 100 to 160 aeres; ped that some lands no longer 
Tequire irrigating, In the southern portion of the State, how: 
ever, the eubie foot of water irrigates no more than at tirst, 
and it is scovely possible that it will ever irrigate much more, 
The saving, as irrigation poes on in the far southern portion of 
the State, will be wfected chiefly through the better constrie- 
tion of canals and irrigation works of delivery and distribution. 
In Tulare valley, the duty of water will increasé as the ground 
fille up. 

In Fresno, a county which was regarded as phenomenally 
healthy, malerial fevers now are found, while in San Burnar- 
dine, at Riverside, ench a thing is rarely known, Coming to 
Bakersfield, a region which before irrigation commenced was 
famed for its mularinl fewers—known os unhealehful throughout 
all the State—#here soil wouter wos oriyrinally within 15 feet of the 
surface, irrigation has almost entirely rid it of the miilarial effects, 
Chilis and fever are rare now, where before Irrigation they were 
prevalent. What is the reason that where chills and fover pre- 
vailed, irrigation has made a healthful country, while where chilla 
and fevers wer not known, irrigation has twade it unhealthful ? 
Paveownt for it in this way: in the Kern river coontry before 
Irtigation was extensively introduced, there were many old 
abandoned river channels and sloughs, overgrown with swamp 
vegetation and overhung by dense masses of rank-growing foliage. 
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Adjacent lands were ina more or less ewampy condition; ground 
Witter atowl within 10 or 20 feet of the surface, and there was no 
hard-pan or impermeable stratum between anch surface and these 
waters. In other words, general swampy conditions prevailed, 
amd malarial influences followed by chills and fevers were the 
result. Irrigation brought about the clearing: out of many of 
these old channel ways, and thetr use as irrigating cannis, The 
lands were cleared off acd oultivated, fresh water was introduced 
through these channels from the main river throughout the hot 
months, and the swamp-like condition of the oguntry was changed 
to one of a well-tilled agricoltural neighborhood with streams of 
fresh water flowing through it; aud the result, as T hove said, 
was one happy in iteeffect of making the climate suubrious and 
healthful. 

Considering now the case of the King’s river or the Fresno 
country, the lands there were a rich alluvial depomt, shounding 
in veretable matter which for long ages perhaps linc been, except 
as wottid by the rains of winter, dry and deeteated, Soil water 
was deep below thy surface, Then irrigation came, Owing to 
the nature of the soil, the whole country filled ap with the water: 
Its absorptive qualities being great and its nateral drainage 
defective, the vegetable matter in the soil, -euljeete to more 
or leas continued excessive moisture, bas decayed. The fluctu- 
ation of the surface of the round waters at different BEPSOTS 
of the year—snch surface being at times very tear to the ground 
surface, and at other times & or 6 feet lower—has contributed to 
the decaying influetioes which the presence of the vaters engen- 
dered, The reanlt has been, when taken with the general over: 
growth of the country with vegetation dae te irrigation, a vitia- 
tion of the atmosphere by malarious outpouringss from the soul, 
The advantage of the pure atmosphere of a wide and dry plain 
hos been lost by the missmatic poisonings arising from an over- 
wet and ill-drained neighborhood, with the resalti, a affecting 
homan healthfulness, of which [ have already spoken. The 
remedy is of course to drain the country, The example is but a 
repetition of experiences had in other eountries, The energy and 
pluck of Californians will soon correct the matter. | 

George P. Marsh, iu his“ Man and Nature,” laid it down A i 
rule that an effect of irrigation was to concentrate land holdings 
in a few hands, and be wrote an article, which was published in 
one of our Agricultural Department reports, in which he rather 
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deprecates the introduction of irrigation into the United States, 
or atv that on this account it should be surrommded by preat 
safeguards, He cited inatances in Europe, aa in the valley of the 
Po, where the tendency of irrigation had been to wipe: out.small 
land holdings, and bring the lands into the bands of a few of the 
nobility. He vited but one country where the reverse had bee: 
the rule, which was in the south and east of Spain, and pointed 
out the reason, as be conewived it, that in south and south. 
eastern Spain the ownership of the water went with the land 
and Was. Tnse para ble from it, under ancient Mooriwh rights, It 
a fact, that where the ownership of water goes with the land, it 
prevents centering of land ownership into few hands, after that 
ownership if once divided among many persons, in irrigated 
regions, But Mr. Marsh overlooked one thing in predicting harm 
ip our country ; that la, that ie will be many veare before we will 
pet such a surplus of poor as to bring about the resalt he feared. 
In California, the effect of irrigation has not been to center the 
land in the bands of a few. On the contrary, the tendency haa 
been just the other way, When irrigation was introduced it 
became possible for small land holders to live, In Fresno county, 
there are many people making a living for a family, euch on 20 
acres of irrigated land, and the country is divided into 20 and 
4O-aore tracta aid owned in that way, Ih San Bernardino the 
same stite of things prevails, Before irrigation, these lands were 
owned in large tracts, and it was net an uncommon thing for one 
owner to have 10,000 Lo 20,0000 pores of land. So that the rule 
ti California, which is the effeet of irrigation, is to divide land 
holdings tote small tracts, and im this respect, aleo, irrigation is a 
hlessing to the country. It enables large owners to cut up their 
lands and sell out to the many, Land values have advanced from 
21.25 in this great valley to $50, $150 ond even 8250 per gere, 
simply by attaching to the land the right to take or use water, 
puying in ddition an annual rental: in the southern portion of 
the State, they have advanced from $5 and #10 to £500 and even 
#1000 an acre, Where the land has the right to water; and eriatny 
taleulations have been made and examples cited by intelligent and 
proiinent people, to show that good orange land or good rajsin- 
grapyt land with sufficient water supply is well worth €1000 an 
acre. Water rights rou up proportionately in value. A little 
stream flowing an tneh of water—an amount that will flow through 
in inch square opening under four inches of pressure—in the 
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southern part of the State, is held at values ranging from #500 to 
€5000, Suche little stream has: changed hands at #5000, and not 
at boom prices either, Tn the interior prices are much less, beme 
from about a quarter te a tenth of those in the far southern part 
of the State. 

Fully one fourth of the United States requires irrigation, 
Wheo [ say that, Lmenn that fully one fourth the tilloble area 
of our country requires irrigation, in order to support such a 
population as, for instanoe, Indiana has. The irmgated regions 
af Ttuly support populations of from 250 to 300 people to the 
equare tile ; of sonth France, from 149 to 250 people to the square 
mile: of koutheast Spain, from 200 te a0, When we have 50 to 
LOO te the square mile in an sgrientitural region we think we have 
a great pooqeenleticn, 

The great interior valley of California will oot support, with- 
out irrigation, an average of more than 14 te 20 people per 
eqoare mile, Orrigate tt and itarill support as many os any other 
portion of the country—reasonably it will support 200 to the 
square mile. T have no doubt that the population will run up to 
ten ar twelve millions in that one walley, and there are regions 
over this countey from the Mississippi te the Pavifio, millions of 
acres, that con be made to: support a teeming population by the 
artificial application of water, And why has it not been done 
before? Simply for the reason that there is a lack of knowledge 
of what can be done and w lack of organization snd capital to 
carry out the enterprises, 

The government has recently placed at the disposal of the 
United Stites Geologiea! Survey anu aypropriation for the tves- 
tigation af this subject, te ascertain how irrigation can be secured, 
the cust of irrigation works, and point out the imeaus for ‘irrlea- 
Hern, in the arid regions, Tt is ie of the wisest things Congress 
ever Wh: wike in the tine aml in the eubfeet. The time will 
00m come when the question would hove been forced upon the 
conniry, and the wiedent of preparing for that tine cannot be 
too birhly commended. 
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A hRoAD auamvpoluit Teatro live im the lwart of the North Carolina 
mountains whieh form its encireling walla; its length is forty 
miles from north tu south god its with ten to twenty miles, 
At its southern gate the French Growd river onters ; through 
the northern wate the same river fows out, augmented by the 
Many atreams of jis extensive watershed, 

From these water-courses the even arena once arose with: 
geintl: slope to the surrouniling Ieihts and that sarfsees, did it 
new exist, would make this regidn a very garden, marked by its 
genial climate aml adeqante ramiall, Hut that level flower 
exats no longer: in itt the rivers first sunk their channels, their 
tributaries followed, the vullics bye which the waters yathered 
deopenod, and the old plain was thus dissected, Tt ie now only 
viibly from these points of view from which remnants of tts 
surfacy fall inte a common plane of vision, Thiso is the ease 
Whenever the Chartier stands npen the lovel of the old Arcs 
he inuty then sweep with a glance the profile of a geographic 
condition which hae long since passed away, 

Asheville is built upon a bit of this plain between the ravines 
of the French Broad sud Swantinoa rivers, now flowing 50 
feot below thedevel, and ae the foot of the Beau-catelor hile: 
toward whieh the ground rises aynthy, The position is a com 
Tmanding one, not only for the far reaching view, but also asthe 
meeting plice of lines of travel from north, south, east, and west, 
Thos Asheville tiwame og townoaf Joes) importance fear before 
railroads were projectial along the lines of the old purmpitces. 
The village was the center of western North Caroling, as well of 
the county of Buncombe, and was therefor appropriately the 
home of the district Federal court, A May session of the court 
Was Lt progress nine years age when I reie up the muddy etroot 
from the Swannanoa valley, Several well-known mownshiners 
were on trial, and the town street was crowded with their aym- 
pathizerk, Jean mountaiveers in line and butternut homespun, 
Horses were hitched at every available rack and fence, and horse 
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trading was active. Whiskey was on trial at other bars than 
that of the court, and the long rifle, powder-horn aod pouch had 
not been left in the mountains, To a “tenderfoot” (who had 
the day before heen mistaken for a rabbit or a revenue officer !) 
the attentions of the erowd were not reassuritig. 

The genera! opinion was, 1 felt, akin to that long afterward 
expressed by Groundhog Cayee: “Tt air an awful thang ter kill a 
mat by si “idhent 3” aud 1 staid bat a very short time in Asheville 

Riding away toward the sunset, [ traversed the old plain 
without seem that it had had a continue surface. TD noted 
the many gullies, and T lost in the multitude of details the wide 
level from which they were carved. That the broader fact should 
be ohscured ty the-many lesser ones i# no rare experience, and 
perhaps there is no class of observations of which this lias heen 
more generally true than of those involved in landscape ntiuily. 
But when once the Asheville plain has heen reesognized, it can 
never again be ignored. Tt enters into every view, both aa an 
element of beauty and a4 evidence of change in the conditions 
which determine topographic forms Seldom in the mountains 
enn one get that distance of awoded level, rarely is: the fory- 
round so. like a gem proportionad to its setting; all about Ashe- 
ville one meets with glimpses of river and valley, anuken in 
reach bevend reach of woodland which stretch away to the blue 
mountains, The even ridges form natural rowdsites, ond im 
driving one comes ever and anon upon o fresh view down ype 
the stream fhe oorime the plain and up to the heights. And to 
the student of Appalachian history, the disweted. plain is a sig- 
nificant contradiction of the time honored plas, “the everinat- 
iow hills,” ‘That plain was a fact, the result of definite conditions 
of erosion: " it existe no more 1 COTS Wence al changes. W hit 
wero the original conditions? Th what manner have they 
changeit ? Let us take seeount of certain other facts iuforu 
suggesting an answer, Of the mouwitains whieh wall the Ashe 
ville ariphitheatir, the Blue Ridge on the eaet nod the Wake 
hain on the weat aro the two iinpertant minges, The Blue 
Rides forme the divide between the tributaries of the Atlantic 
and thaw of the Gulf of Mexics, amd the strrams which flow 
westward from it all puss through the [naka chain, Tt would 
he reasonable to suppose that the rivers rose in the higher and 
flowell throagh the lower of the two Funes, but they do mot. 
The Blue Ridge is an irregular, ineonspicudns elevation but little 
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orer 4000 feet abowe the sea: the Unaka mountains form a mas- 
sive chain from a000 te H500 feet jn height. ‘That streams 
should thus flow throueh mountains higher than their source 
was once explained by the assumption that they found juimsace 
throngh rents Saree OF. eh neues eb but that biaie! 
of strenms as otinesciel Cunceri aid it aa staxedé tiwnrscteiaal baie 
the history of our knowledge of valloy-formation. That rivers 
carve uul the deepest eafions; as well ox the broadest valleys, is 
now a trodem which we must accept in framing livpotheses to 
avcount for the courses of the French Broad and other similar 
streams, Moreover, since waters from a lower Bine Ridge could 
never of their own impulse have flowed over the higher Unak, 
we are brought to the question, was the Blue Ridge onee the 
higher, or have streams working on the western slope of the 
Unaka range (when it was a mam divide), worn it through from 
west to east, capturing all that broad watershed lotween the two 
mountain ranger? Kither hypothesis is within the possibility of 
well established rver action, amd both suggest the possibility of 
infinite change in mountain forms and river systems, Without 
attempting here to discriminate between these two hypotheses, 
for which # broader foundation of facts is needed, let ue book. at 
the channel of the French Broad below Asheville, in the river's 
corse through the ronge that is higher thanits source, Deseend- 
inv from the old plain inte the river's ravine, we at once lose ul! 
extended views and are closely shot in by wooded slopes and 
rovky bluffs The river falls the more rapully ov we descend, 
and ite tribotaries leap to join it, the railroad searve finding 
room between the rocks and the brawling current. The war is 
inte a rogged and inhospitable gorge whose walls rise ot last on 
éither hand mite mountains that culminate some thirty mules 
below Asheville At Aliiuotuin [slond tle waters dash lent. 
fully over a lelee oF conglomerate and posh out from a hig 
dories of rapids inte the deep water abuve Hot Sprinies, Ie. waned 
the limestone cove ny which the springs oceur, the valley, theavygels 
hartow still, is Wider and bottom Litds appdar, Thos the water 
fap oof the FProneh Broad throwch the Unakas is natrow ain 
rugged, the river iMell a testng torrent; leat had we passed down 
other streams of similar course, we should have found them even 
taore tarbulent, their chanoels even meory sharply carved in the 
hard recks. fn Pigeon river there are many cliffs of polished 
aa 
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quarteite, and on the Nolichucky river a V-shaped gorge some 
eight miles long i terraced where the ledges of quartzite are 
horizontal and is turreted with fantastic forma where the strata 
are werticul, Where the river valleys are of this charp ent char- 
acter in high meuttains, the abrupt slupes, cliffs and rocky pin- 
nacles are commonly still more sharply accented in the heighta, 
The Alpine tourist or the mountaineer of the Sierras would ex- 
pect to climb from these cations to ragged combs or to scarcely 
accesible needle-like peaks: ut how different frum the hetghte 
of the Jungfran ore the “halda” of the Unpkas! like the iee- 
worn granite domes of New England, the massive balds present 
a rounded profile against the sky. Although composed of the 
hardest rock, they vet resemble ih their contours, the low relief 
of a lnmestone ares, Broad, even surfaces, on which rocky ont- 
crops are few and over which a deep loam prevails, suggest 
rather that one ts wandering over a plain than on a great moun- 
tain; yel vou may sweep the entire horinon ond find few higher 
peake. The view is often vory beautiful, it is far-ronching, not 
grind. No crags tower skyward, but many domes rise nearly to 
the same heights) and dome-like, their slopes are steepest toward 
the base. The valleys and the mountame have exchanged the 
characters they usually bear; the former are dark and forbidding, 
wild and inaccessible, the latter are broad and sunlit of softened 
form, hobituble and inhabited. All roads and villages are on 
the heights, only passing travelers and those whe prey upon 
them frequent the depts, 

These facts of form are not local, they are general: afl the 
dtreams of the Unako mountains share the features of the French 
Broad Cafion, while peaks like Great Hoan, ity Bald Mt. Gayot, 
are hut examples of a maexive inountam fort common through- 
ont the rane. 

Thus: the Unaka chain presents two peouliar facets for our 
consideration ; it ts ent through by streams rising in a lower 
range, and its profiles of erosion are convex upward oot down- 
ward. 

If we follow our river's course beyond the Unaka chain jute 
the valley of Fast Tennessee we <teall still find the channel deephy 
rut: here and there bottomlands appear, now on one side, now 
on the other, but the banks are more often step slows OF verti 
eal cliffs from fifty to one bhandred feet high. The creeka and 
brooks meander with mewderate fall through the undulating sur 
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face of the valley, but they all plonge by a more or less abrupt 
pastade inte the main rivers. ft is thas evident that the trinuta- 
recat keep pace with the rivers in channel-cutting, and the 
latter will continue to sink below the surface of general degrala- 
tion until their diminished fall redgees their rate of cortasion 
below that of the conflnent strenms, 

If from topographic forme wo turn to consider the materials, 
the rocks, of which they ary composed, we shall find a general 
rule of relation between relative elevation and rock-jiardnees: 
Thos thy erent valley of Eust Tennessee has a general surface 
200 feet helow the mean height of the [nukas;: if is an aren of 
easily solable, often soft, caliareous rocks, while the THOU tains, 
consist of the most ineoluble, the hrdest, silicioue rocks, Fast 
of the Unakue the surface i¢ agam lower, including the biereg uli 
divide, the Blue Ridgw ; here also, the feldspathic eneiskes and 
trivt schists are, telatively speiking, easily soluble, and moan- 
coherent. What is thus broadly true is trig in detail, also where 
Bnore SUicious limestone of a sandstone bel ocetire in the valley 
it forms a greater or lew clevation pbove the surface of the saft 
rooksa; where amore seluble, less colrent stratum craps out in 
the mountain mass, a hollow, “a cove, corresponds to in OF 
valley ridges, Clinch mountain ts the most conspionans exumyple ; 
of mountain hollows the French Broad valley at Hot Springs, oF 
Tuckalecehor Cove beneath the Great Smoky mountain, is a fair 
Ulnsttration, 

But inmpassive rock-horducss, mere alilitv: to reset, is not 
kiequate to raise monntains, nor is rock-softness an active agent 
im the formation of valleys, ‘The passive attitude of the rocks 
implics a force, that ix resisted. and the very terms in-which that 
attitude is expressed) suggest the agent which applies thie fired, 
Hardness, coherence, insolubility,—these are terme sugm@estive of 
PUNISHER tii a foarte applied io Wwelr away, to dissolye, 1s. flow tric 
waiter wears by virtue af the sediment it carries aid as wre 
luttriat waters take the solable constituent of recks tote solution 
And itis by the slow mechanical and ehemieal action of Water 
that net only cafiens are carved but even. mountain ranges 
reduces to pent: alapes, 

Ifwe designate this process by the word “degradation,” it 
follows from the relation of resistance to elevation in the region 
under discussion that we may say: The Appalachians are moun- 
tains of differential degradation; that is, heights remain where 
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the rocks have been least energetically acted on, villeys are 
carved where the action of water has been most effective, 

In order that the process of degradation may go on it is -essen- 
tin! that # land mass be somewhat raise} above the fea, amd, 
since the process is a never-ceasing one while streams have safh- 
ment, foll to carry sediment, it follows that, given fine enough, 
every land surface must be degraded toa sloping plain, to what 
has been called a base level, 

With these ideas of mountain genesia and waste, let us con- 
sider some phases of degradation in relation to topographic 
forms ; andin deing so T cannot do better than to use the tortie 
employed by Prof, Win. M. Davis. 

When a land surface rises from the ooenn the stream systems 
which at once develope, are set the task of carrying back to the 
éeo all that #tands abowe i According to the amount of this 
alloted work that streama have accomplished, they may be said 
to be young, mature or aged ; and if, their task once nearly com- 
pleted, another aplift raise more maternal to be carried off, they 
may be said ta be revived, ‘These terms apply equally to the 
land-surface, andl euch period of development is characterized by 
certain topagraphis forme, 

In youth simple stream systems wunk in steep walled canons 
are separated by brow! areas of surface incompletely dramed. 
In maturity complex stream systems extend branches up 1 onery 
part of the suTince ; Steep aloper; sharp divides, pyramidal peal 
express the rapidity with which every portion of the surface is 
attacked, 

In ald) age the gently rolling surface is traversed by many 
quiet fowing sires ; thie heights are greit, the protiles are 
rounded, the contours subdaed, In the fret amerpence from the 
sen the courwes of atreame are determined by aceidents of slope, it 
may he by folding of the rising surface into trougha and arches, 
During maturity the process of potrogrensive erosion, by which 
a atreain cute back inte the watershed of a less powerful opponent 
stream, adjosts the channels to the uterops of seft rocks and 
leaves the harder strata as eminences. In old age this process 
of differential degradation is complete and only the banlest rocks 
maintain a slight relef. 

Suppose that an aged surface of this charactor be revived : the 
rivers hitherto flowing quietly in broad plains will find their fall 
invressed in their lower cuurses ; their channels in soft rock will 
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rapidiy become cafions, and the revived phase will retreat up 
stream in the same manner that the cations of youth extended 
hack into the Grat uplifted mass, If the area of soft rocks be 
bounded hy a considerable mis of very hard rocks, 71 ts eon: 
crtvable thata second) pliee of age, a hase level, might creep 
over the valley while yer the summits of the first ald age re 
mained unattiocked, and should perchance revival snoceed revival 
the record of the last aplift might be rend in sharp ent chintiela 
of the wrest rivers, while the forme of each preceding pliace fed 
like steps to the still surviving domes of that carliest old age. 

Is there anght in these speculations to fit gur facts? IT think 
there ia: «=We have seen that our mountains and valleys are the 
resultof differential degradation, and that this is not only broadly 
true but true in detail alse, This is evidence that streams have 
ven long at work wdjusting their chariels, they have parsed 
through the perual of maturity. 

We hare climbel tothe summits of the Unakas and found 
them composed of rocks as hard as those from which the pionacls 
of the Matterhorn bs chiseled : but we see them gently eloping, as 
aplain, “These summits are very, very old. 

We have recognmed that dissected plain, the level of the 
Asheville amphitheatre, now 2.400 fort above the sea; it was a 
surface prodieed by subserial erosion, and as.euch it is evidence 
of the fact that the French Broad River, and such of its tribnta- 
rite ax drain thie area, at one time comple) their work upon dt, 
reacheda hase level, That thew should lave acecmplished this 
the level of discharge of the sculpruring streams must have been 
constant during a hong period, a condition which implies cither 
that the fall from the Asheville plain to the ocean was then much 
less than it now is, or that through lueul canecs the French Broad 
waa held by a natural dam, where 1 cot the Upedka eben, 

Lf we should find that other rivers of thas reyion have carved 
the forms of age upon the surfaces of theie internoitane valleys, 
and there ia now suine evidence of this kind at hud, then we 
must appeal to the more geovrs) cause of base-levelling and 
woiept the conclusion that the land stood lower in relation to the 
oetan than it sow does, Furthermore, we bave traverse the 
ravines which the streams have cut in this ancient plain and we 
nay note on the accompanying ations sheet that the branches ¢x- 
end back into every part of it; the ravines Lhemseives prove 
what the level of discharge bas been lo vered, the stream have 
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heen revived; and the wide ramification of the brooks is the 
characteristic of approaching maturity. 

We have alep glanced at the topography of the valley and 
have found the rivers flowing in deep-cut simple channels which 
are. young, and the smaller streams working ov an undulating 
surface that is very sensitive to processes of degradation, 

The miner stream systems are very intricate and apparently 
mature. but they have not yet destroyed the evidence of a gen- 
eral level to which the whole limestone areca was once reduced, 
but which now 1s represented by many elevations that approach 
1601+ feet abowe the sea, Here then in the valley are young 
river channels, mature stream Byateins and faint traces of an ear: 
lier base level, all of them more recent than the Asheville: level, 
which is in tir Jess ancient than the domelike summits of the 
Unakas 

What history con we read in these stigpestive topograiphic 
formaé and their relations * 

The first step in the evolution of # continent ts ite elevation 
above the sea. The geologist tells us that the earliest uplift of 
the Appalachian region after the close of the Carboniferous 
period was preeeded or aecompaniod by w folding of the earth's 
ctust into mountainous wave-like arches ; wpon these erosion at 
once began and these formed our first mountains. Where they 
were highest the geologist may infer from geologic structure and 
the quterops of the oldest rorcks ; but the facts for that inference 
are not yet all gathered and it can only be said that the heights 
of that ancient topography were probably as great over the val- 
lev of Tennesteee as over the Unaka chain. The positions of 
nvers were determined by the relations of the arches to each 
otter and, as they were in a general way parallel, extending 
from northeast to southwest, we know that the rivers tog had 
northeast—scuthwest courses, From that first drainage system 
the Tentiessee river, as far down as Chattanooga, is directly de- 
sended, and when the geolopic structure of North Carolina and 
Rust Tennessee is koown, we may be able to trace the ateps of ad- 
justment by which the many waters have heen coneentrated to 
form that great river, At present we cannot sketch the details, 
but we know that it wasa long process and that it was accom- 
panied by a change im the rateon Metre of the mountain ranges. 
The first mountains were high because they had been relatively 
raised ; they gave place to hilla that survived because they had 
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bot been worn down, A topography of differential uplift cave 
place to one of differential degradation, And te the latter the 
dome-like “balde” of the Unakas belong. “Those massive sutm- 
mits of granite, quartzite and conglomerate are not now eut 
by running waters; they are covered with a mantel of residual 
S01, the product of excessively slow disintegration, und they are 
the remnants of a surface all of which has vielded to degradation, 
aave them. In time the streame will cut back and carve Jagged 
peaks from thetr tases, but standing on their heights my thought 
has turned to the condition they represent—the condition that is 
past. Add thus in thought T have looked from the Big Bald out 
ona gently sloping plain which coverml the many domes of 
tearly equal height and stretched away to merge on the horizon 
in the Jewel of the soa, ‘That, conceive, waa the first hase level 
plain of which we have anyevidence in the Appulachinns and 
from that plain our present valleys have been eroded. "The eon- 
tindntal wevation must then haye been 4,000 of 4,000 feet less 
than it is now, and the highest hills were probably not more than 
2 feet above the sea, This wax perhapea period of constant 
relation hetwoen sea aod and, bot it was anceoeded by ony dur- 
me Which the lind slowly rose: The rivera, which had probably 
Assumed nearly their preset courmes, were revived ¢ the LLL pont 
tint chantiels econ sank in cations, the tributaries leaped in rapids 
and cnt back inte the old base level, The rerun continned to 
rise during a period long enough to produce the essential features 
of the mountain ranges of to-day 5 then it stood still in relation 
to the sea or perhaps subsided somewhat, and the Freael: Broad 
mul probably other nvers made record of the pause in plains like 
that about Asheville, Agnin the land rose slowly ; ogain it 
paused, ond rivers, working always from their mouths buckwarid, 
carved) a bosedewel in the limestones of the great valley ; but 
before that level could extend up through the gorees in the 
Unakas, the continent was taired to its present elovation, the 
atrtaims mespondial to the morvased fall siven them and the rivors 
in the valley began tot their still meomplete cations, 

Are we not led step bey step from these Intest sluarply cut chan- 
hele up stronen through the chapters of erosion th the still surviv- 
aneg domes of an early doled aire? Let us sti up the history Va 
have traced. Therv is reason to belicéve that : 

lat, The onsequent topography of the earliest Appalachian 
uplift was entirely removed during « prolonged period of erasion 
and was replaced by a relief of differential degradation. 
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td, The baldeof the Unakas represent the heights of that first- 
known approach to a base-level. 

Sd. The topography of the region has been revived by a gen- 
eral, though not necessarily uniform, uplift of 4,000 feet or more, 
divided by two intervals of rest; during the fet of these the 
Asheville base level was formed ; during the seoond, the valley 
alone was reducer. 

4th. The latest movement of the uplift las been, geologinally 
apenking, quite recent, and the revived strenmp have secompl isle 
but oamal) part of their new task. 

These conclusions are reached on the observation of a ringit 
class of farts in ono district ; thew Pree Tine a a with the 
record of continental oneillation on the sen cuneate, in the depots 
ef the coastal plain, and in the topography of other districts. 

The history of the Appalachians is written in every river ays- 
tem and on every mountain range, but in vharaeters deurmined 
for each loculity by the local conditions: Only when the knowl 
edie, to which overy LiMurist may coutribui, is extended over 
the entire region sball we know conalusively the whole story. 
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A TRIP TO PANAMA AND DARIEN. 


By Hicnanm U. Goorr. 


Tue Government of the United States of Colombia in its act 
of Concession to the Panama Canal Company provided that it 
ahould give to the latter “ yrafeitement ef avec toutes (ea miner 
quits pourront contesie” &00,00 heetares of Land. 

Some of the conditions attached to this grant were, that the 
land should be selected within certain limite and surveyed by 
the Canal Company ; that a topographical map should be made of 
the areaq surveyed and that un amount mypual to that surveyed for 
the canal should also be surveyed for the benefit of the Calembian 
Government. It waa alao further agreed that it would not be 
tecesary to complyte the canal before any of the land should be 
granted, but that it would be given at different times in amounts 
proportional to the amount of work accomplished. 

Thus in 1847, the Government agreed to consider that one-half 
of the work on the eanal hod been finished and that the canal 
wae comaquently entitled te 250,000 hectares of land, upon the 
completion of thy necessary surveys, ete. 

The land was eventually chosen partly in Darien and partly in 
Chirigui as follows ; 

In Darien three lots, one between the Puya and Mangle rivers, 
one between the Maria and Pirrt rivers. the two amounting to 
100,000 hectares, and one lot of 24,000 hectares between the 
Yape and Pucro rivers, 

In Chiriqui, which 4 Province of Panama just east of Costa 
Rica, two lota-were chosen amounting to 125,000 hectares, one 
between the Sigsolaand Rabalo rivers, and the other between the 
Catabella and San Pedro rivera. 

The Canal Company wanted the title to the land in order that 
it might be aed aa collateral security in bolstering up the 
finance: of the corporation, and the Colombiin Government was 
doubtless very willing to let the Canal Company have this amount 
OF ga much more os waa wanted, both parties being equally aware 
of the valueless charactor of the land for sny practical purposes, 

My gerviees were engaged in 1888 in connection with the astro- 
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nomical work incident to the survey of these grants and it was 
intended that I should visit both Darien and Chiriqui, burt the 
contract term expired about the time of the completion of the 
work in Darien, which was taken up firat, and it was deemed 
prodent for various reasons, the chief of them being the un- 
healthiness of the locality at that season of the year, about the 
middle-of April, not to remain longer on the Istheuws,. Lf it had 
been possible to work aa expeditiously as in this vountry there 
would have been ample time to have completed the necessary 
astronomical work for both surveys, and without understanding 
men and methods peeulior to a tropical country Pstarted oatwith 
this expectation, but soon found out that any efforts Jooking 
tawards expediting any particular matter were not only useless 
but were detrimentally reactive upon the person putting forward 
such efforts. ‘Thus it was o¢arly the first of March before [ 
reached Darien, having sailed from New York a mouth pravinusly. 
Passage wae had from Panama to Darien in 4 steamer chartered 
for the purpoae Sailing across the Bay of Panama and ontering 
the Toyra River at Boca Chica, we asconded the river as foros 
the village Heal de St. Marie. At thie point the steamer was 
abandoned and further transportation was hud in canoes. 

Daricn ten province of the State of Panama vod its boundaries 
as riven by Lieut, Sullivan om lis comprehensive work on * Proli- 
lem of Interoceanie Communication,” are as Tollowa: “ The 
Atlantic coast line is included between Point San Blas and Cape- 
Tiburen ; that of the Pavitic ew tends fring the mauth of the 
Bayano to Point Ardita The eastern boandary is determined bay 
the main Cordillera in its sweep across the Tathmus from i poai- 
tion of elase proximity to the Pacific, near Point Ardita, too 
fimilar position near Tibiron, on the Athintic. The valleys of 
the Mandinga and Mamoni Bayano determine its western limit.” 

The Darien bills as seen from the Atlantic side present tu the 
view anapparentiy salid ridge-of mountains, althongh there are 
it teality many low passes whieh are convesled hy projecting 
Bits. 

The dividing ridge hugs close to the Atlantic, and the rivers, 
of which there ace a great many on this «ide, plunge abruptly to 
the sea, On the Paritice side the rivers have a much longer dis- 
tance to flow before reaching the sea, and the territory bordering 
on the ovean is low aml swampy. “The tidal limit of the ‘Tuyra 
River ms nearly fiftw miles from its mouth, and on this river and 
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many of its tributaries one can travel many miles inland before 
ground aufficiently salid to land wpen can be found, The vegeta- 
tion within this low Iving area ia thick and closely matted 
together, and this fact taken connection with the swampy ¢har- 
weter of the grouml, makes travel on foot through any portion of 
it exceedingly difficult Therefore the various tivers, which 
form & verv complex system and penetrate everywhere are the 
natural highways of the country, The chief rivers on the Pacific 
side are the Tyra and Boyano with their numerous tributaries. 
melon the Athintic watershed 1m the Atrato, 

A peculiarity noticed at Heal de St, Marie, which is at the jane- 
tion of the Pyerhi and Tuyra rivers and at which point the tide las 
ari: and fall of twelve or fifteen feet, was that at low tide it was 
tmpeeihle to enter the mouth of the Pyrrhi with a boat, while 
five or six tiles ap the stream there was always a good supply of 
flowing water and at double that distance it became a mountain 
Lorrent. 

Outside of the ewampy area the character of the country is 
rough and mountainows, The valleys are narrow and the ruiges 
execedingly sharp, the natural result of a great ruin fall ‘The 
hills are able to resist the continued wasting effect of the vast 
voliines of descending water only by their thick mantle of acew- 
mitlated vepitation, amd were it not for this protection the many 
months of contin annual rain would long ago lave produced 
a leveling effect that wonld have made unnecessary the various 
attempts of iman to pierce the Isthmian mountains and form an 
artificial strait. 

The ridges are sometimes: level for a short distance, but are 
generally broken anid are made up of a suceession of well rounded 
peaks, ‘These peaks are always completely covered with trees 
and from the top of the sharpest of them it is impossible Lo get 
a view of the surrounding country, Vhe highest pot climbed 
wie about 200) fect above sea level and the highest peak in 
Darn ia Me. Pyerhi which is between three and four thousand. 

Darien has been the scene of a preat deal of surveying and ex- 
pleration from the tice that Columbus, in 1503, coasted alegre its 
shores, hoping to find a strait commecting the two ooenns, up to 
the present time. DGalboa, in 1510, discovered the Pacitic by 
creasing the Darien mountains from Calewjonia Bay, This dis- 
covery taken in connection with the broad indentations of the 
‘and noted by Columbus, led the old world to believe in the exist- 


oi National Geagraphic Magazine, 


ence of a stirart, and the entire coast on enach-side of the new 
world was diligently searched, ‘The Cabota, Ponce de Leon and 
Qortex interested themselves in this search and it was not ‘until 
about 1682 that all expectations of finding the strait were aban- 
dened. The idea of a direct natural communication between the 
oceania being thus dispelled, the question of an artificial junetion 
aroée, und in §551 a Spanish historian recommended to Philip IL. 
of Spain the desirability of an attempt to jom the oveana by 
identically the same routes to which the attention of the whole 
civilized portion of the world t now bemg drawn, that ts, 
Tebauntepec, Nicaraguy and Panama. From this time up to the 
commencement of the work of the Isthmian expeditions sent ont 
by the United States, and which lasted from 1870 to 1874, but litthe 
geographital knowledge rulative to Darien wos obtained. The 
United States expeditions undoubtedly did a great amount of valu- 
able exploration and surveying, and while the names of Straw, 
Traxten, Selfridge and Lull will always be held in high esteem for 
what they accomplished in this direction, still it is to he regretted 
that with all the reseorces at their command they did not make a 
complete map of the country, And just hyre Pwant to bring 
forward the suurremtion that all that has been accomplished and 
more, could have been accomplished if the various explorers had 
known, or practically utilized, a fact that my own experience and 
that. of other topographers, in this country and Darien, has in- 
pressed upon me; and that is, that it is easier tn a rowwh and 
mountainous country to travel on the midge than in the valley. 
Iu Darien they were looking for a low puss in the Cordillwr and 
this wae what should have first been senght, directly. Having 
found the Jow passes the valleys of the streams draining there- 
from could have then heen examined, and thus all necessary infor- 
mation coold have been obtuined and the eabjeect exhausted, The 
Plan followed by the Isthmian expeditions was to ascend 4 stream 
with the lope of finding a enitable pass, The poss might be 
found or it might not, and if not, «o much labor as far as the 
direct solution of the problem was concerned was lost, A pass 
of low altitude was of primary importance and should have been 
sought for in an oxhanstive way, 

Hamboldt said in substance, * Do not waste your time in run: 
ning expermmental lines across, Send out a party fully equipped, 
which keeping down the dividing ridge the whole length of the 
Isthmus, by this menus can obtain a complete knowledge of the 
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hypsometrical and geological conditions of the dam that obstructs 
the travel and commerce of the world.” But strange to say this 
plan suggested by anch an eminent authority as Humboldt and 
40 strongly recommended by common sete, hoe never teen Tol- 
lowed, and to«day after all the money that has heen spent and the 
lives lost in cplorations i Darin, there i not autiicient data 
collected to prove conclusively that there does not now exist 
some route for on inteérocennic canal that pdsscsses merits superior 
lo any at present known. It is true the dividing midge would tu 
dificult to follow on account of the great number of confusing 
spurs, bot I think [om safe in saying thas starting from the sum- 
mit of the main ridge at Culebra pass on the Tsthinus of Panama, 
the ubividing ridge extending to the poss. at the head waters of 
the Atrato could be exhaustrpely followed and) studied with as 
much facility as could either the Tuy nian Atrate rivers, enibme- 
ing with vach their respective tribatarica 

L traveled on seme of the lieh dividing ridges in Darien, and 
did not tind that progress was at all difficult, and especially noted 
the fact of the absence of tangle ondergrowth ond matted vines 
which is si characteristic of the Darien forests genorally. 

Now a few words about the inhabitants of Panama and Darien, 
amd in referring to these | mean the native inhabitants ond not 
the indiseriminate-catherme of all nationalities that were attracted 
by the Panama Canal 

In Central ant South America, a4 in North America, the abo- 
figitie! inhabitant was the Indian, When the Spaniards first 
atempted to colonize Darien they were met and resisted by the 
native Indian just as our forefathers were in Virginia. and Massa- 
chisetts, dnd we with us 60 in Ponome and Darien the Indiana 
hove been driven tack by degrees from the shores of both oceans 
anti] bow they are found only in the far-interror, 

They. resemble our Indians in appearance, but are smaller, 
They are averse to manual labor and live almost entirely by 
hunting and tishing, although they sometimes hove amall planta- 
tons of plantains, bananas, oranges and lemons, Tho Spaniards 
in settling in the new country brought very fiw women with them 
and the Colombian of to-day is the result of the admixture of the 
Indian and Spanish blood, and bas many of the churacteriatics of 
each mice. In addition to the Indian and Colombian there are in 
Panama and Darien a comparatively large number of negroes, 
who were originally imported as slaves by the early Spaniards, 
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and who now constitute by far the larger portion of the inhabit- 
tots’ Daren, ting found usually in villages along the valleys 
of the larger streams, In contrast to the Colombiun and Indian 
they are large in stature and make excellent laborers, 

The principal villages in Darien, as Yovisa, Pinagana and Real 
de St. Marte, are tmhabited oxclusively by the neproes, with the 
exception of a Spanish judge th each, who exercises great 
authority, Besides bemg a judge im-civil and criminal cases, he 
practically controls everything in his particular village, o# all 
contracts for labor are negotinted with him and settlemene for 
services made throngh him, 

Upon reaching Darien the first work assiened me was the sur- 
ver and exploration of the Pyrrht river. This survey was maile 
for two purposes : primarily, to determine if auiy of the country 
bordering wpou it wae of uo sufficiently detiralde character ta 
mnelude it- within the yrant, amd secondly, to secure data for the 
general topographical map, My instructions were to proceed as 
for south os latitude 7° 30°. The aseent of the river wie made 
in canoes until the frequency of rapids made it tevessary to 
shandon them, and then the journey was continued on foot, won- 
erally wading in the middie of the stream, as the undergrowth 
was too thick to.admut of progress along the banks, Sometimes 
the water was very shallow: at other times, where Tt bad been 
bucked wp by dams of porphyritie rock, it reached above the 
waist, and near the end of the joutuey where the river ran 
between vertien! walls of reat height it was necessary to swim 
in order to cet beyond this cation, 

The survey of this river was satisfactorily socomplished in 
ahoutaweek, The method adopted for the survey waa to tike 
compass hearings did te estimate distances, These courses avd 
distances were plotted aa they were taken pod thus the topo: 
rraphical ind other features could be readily sketched jn. connec: 
ties with them, To check and contre! this work, olwervations 
were taken every day at noon with a «extant, on the sun, for 
latitude al time, and at might cireun-matidian altitudes mf stars 
were obtarned whucti peimai lle, 

This a ninber of civere were sorveyedl—the Marni, Tucuti, 
Yoviku and other tibutaries of the Toyra, When it was found 
that a arnfiiciently correct idea of the country for topographical 
purposes could not be obtained by simply meandering the water 
courses, lines or frochas were cut through the forest from stream 
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to stream, and where two streame thos connected were tributaries 
of a-common river, all of which had been previously surveyed, a 
cloned figure was obtained, an adjustment for errors of elowure 
made, and by putting together the topographical data obtained 
by the four lines, there was generally found to be sufficient 
information to rive fl satisfactory thourh of COUrse o& crude 
delineation of the incladed area, 

After a number of rivers lid leon examined with more of less 
Lorey in thie Way, it wie tinally (leeided that the arda for one 
portion of the grant best suited for the purpodes of the Cnal 
Company Iny on the right luk of the Tuyro river, and that the 
portion of the river whieh lay between the mouths of two of its 
tribataries, thy Rio Yape and the Rio Puord, showld be one of 
the boundaries of the grant. The Yape and Pucro live oourses 
approsimately parallel to each other and at right angles to the 
Rio Tyra, and these streams were ulaw chosen as boundary isis, 
eo that the grant would haye the three rivers as natural bownda: 
ries, and the fourth and ¢loring boundary was to be a straight 
line from a certain point on the Yape to the Puero, so located as 
to include within the four boundaries an ares approsimately equal 
to the ameunt of the grant, which in thit particular ¢nse was 
5.000 hectares. The problem then presented was: pehverns tlereses 
rivera Jor three boundaries of a figure to establish a fourth and 
artificial line, completing the figure in such w way that it should 
contain & aiven prea, and also to procure data for o topagraphical 
map of the country surveyod_ 

This survey was put under my direction and 7 was tratructed 
bay perenne few 4b peint overlooking the Tuyra river, hetween the 
Rio Yap and the Rio Pucro, near the mouth of the Hin (apite, 
for the purposdt of establishing a hase camp. Leaving Real de 
St. Mirio on the ewernning of March lath, with o flewt of twelve 
canis and about thirty native laborers, we reached the site for 
the camp in two days. After landing everything, the work af 
clearing awey trees and underbrush over an area sufficiently large 
for thy camp. was commenced. Themen worked willitgly with 
axe and machete, and soon the forest receded and left bare a 
semi-circular space facing the river. 

Two houses were needed and withoot saw, nail or hammer the 
construchion was commenced and prosecuted rapidly. Straight 
trees about six inches in diameter and twenty feet long were cut 
ond planted vertically in holes dug out with the machéte, and 
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horizontal pieces of a #maller diameter were securely fastened on 
with long tough strips of bark, and thus a square or oblong frame 
waa fashioned. The hortmorntual pleces were placed at a distance 
of about three feet from the ground, on whieh a flocring was 
eventually laid, and at the top of the frame where the elope of 
the roof began, On the top pieces other poles were faid and 
fastened across and lengthwine, and on these the men stom? while 
making the ekeloton of the roof. The latter was made very steep 
for better protection against the rain. After the ridge pole 
was put in position other smaller poles were fastened on parallel 
and perpendicular to it se that the whole roof was divided up 
into squares, and it was finally completed by weaving in thick 
bunches of palm and other leaves in such a way as to make t 
thoroughly water-proof, For our purpose no protection on the 
sides of the structures other than the projecting eaves was con- 
sidered necessary. A floor of poles laid very close together was 
put in one house, the one oned for sleeping purpowes, and in the 
other a table for cating, writing, draughting, ote., was made, 
Thus in two or three days the place was made thoroughly habita- 
ble and men were dotailid to sce that the grounds, eto., were al ways 
kept thoroughly clean and in # good sanitary condition, a very 
necessary precaution in wa tropical country. The forest afforded 
gute, the river an abundance of fish ; bananas, oranges; lemons 
and pineapples were easily procured from: the natives, who alan 
furnished material for a poultry yard, and thus while Iocated at 
camp Capite, situnted as it wae on & picturesque spot, overlooking 
two swiftly flowing rivers, with good drinking water, a commis 
aary department well stocked, a French cook who would have 
done himself credit anywhere, Teonld not bat think that bereto- 
fore pielures of life in Darien had been tow somberly drawn, and 
that where so much suffering ond sickness: had prevailed among 
the early explorers it was because they. had gone there not prop 
erly outfitted, and bocwose cared away with ambitious enthn- 
giastn their adventurous spirit had caused them often to unideriake 
that which ther calmer judgment would not have dietuted ; anid 
that to these causes as much as to the anhealthy condition of the 
locality was due their many hardships. Several days were spent 
here getting time and latitude olwervations und in mapping out 
plans for the work, It was decided that the mouths of the Yape, 
Capite and Puero and other poimts along these rivers, such na 
mouths of tributary streams, ete., should be astronomically lo- 
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cated, that these points should be connected by compass Hines, 
and also that cress lines should be run at varions points from the 
Yape to the Cayite and from the Capity to the Poern, Tt was 
further decided that as time was Limited it would be impractt- 
eoble to runout the fourth side of the figure that would contain 
the vrant, as the country around the headwaters of the streans 
waa known to be exceedingly rough and mountainous, and to 
follow any straivht line would necessarily involve o great amount 
of laborious cutting and climbing, 

Furthermore, in onder to know just what direction this line 
should follow it would be first necessary to make a connected 
preliminary survey of the three rivers ; to plot this survey and 
then by inspection of the map and consideration of variuus start- 
ing points to decide on the most available location of the fourth 
slide, 

Instead of this it was considered best and sufficient to arbitra- 
rily odopt a certain waterfall on the Rio Yape, the location of 
which was approximately known from 4 reconnocisance previously 
made, ui the initial point of the line connecting the upper Yape 
with the Pucro and closing the figure. Thus it only became neo- 
essary, a8 far as the boundaries were concerned, to run 4 line 
along the Tuyra, joining the mouths of the Yape and Puero ; to 
Tun a line from the mouth of the Yape to the waterfall above 
referred to; and to run up the Puecro sufficiently far to be certain 
that when the work wus completed and plotted, « line drawn 
from the position of the waterfall on the map in such a way as to 
include the desired area would intersect the Poero at some point 
within the limit of what had been surveyed, T have pot time to 
fo into the details of the various trips by lund and water neces: 
sary to carry out these plans, 

Before starting it was known exactly what was necessary to be 
done ; each assistant engineer had his work clearly mapped out 
before him, and each one farthfully performed the task allotted 
to him, so that the whole survey was brought to a successful 
completion, This brought to a close all the work in Darien, the 
other tracts having been surveyed tefore my arrival and conae- 
quently the whole expedition returned to Panuma, and soon 
afterwards 1 returned to this country. 

To poing to aod returning from Darien, | passed twice over the 
Panama railroad and along the line of the Panama canal, and | 
have thought that « few facts relative to the canal and railroad 
might prove of interest to the Geographical Society. 

Pa] 
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Pobhished herewith is ao sketch showing the lowation of the 
rulroad, canal and tibatary drainage, and a profile slong the avis 
of the canal, 

The first surveys for the railroud were made in 1649, and it 
was prolably the excitement of the California gold fever that 
bringht about its construction at this particular time. Gren 
wie broken in January, 1830, and the Inet roil was laid in Jan 
uury, [Sis, 

The length of the road is 47.0 miles and it crosses the dividing 
Ant at an clevation of 200 feet above the mean fevel of the 
Atlant own, The maximum grade is 00 feet to the mile. 
Soon after the toad was built aecorate levels were run to doter- 
mine the differenor, tf any, between the Atlantie amd Pacific 
cerane, and if was found that cle mein levels were alniue the 
same, Altheieh there ane of core variations owing te local 
cates, ant considernhle difftrenves of height at times, owing fo 
differences of tides din the Atlantie and Puettie, At Aspinwall 
the wreatest risv is only ta) feet, while at Panama there is pt 
times a difforenmecs: of over 21 feet between high and low water. 
"Vhe coat of the railrond was $74,000,000, 

The existence of the railroad was probably the deciding tans 
that led Leseeps to the adoption of thisloostion of the proposed 
ratial, 

Now that the evheme hat practically failed it is very easy to 

av and appreciate the difficulties that lay in the way of building 
acanal at this particular place; and it certainly seems that if 
sound engineering principles had been adopted nt Ieast some of 
these difiesities could have been understond amd properly com- 
batted. The whole scheme, however, from an engineering stand- 
point, seems to have been conducted In the most bluindering 
TT 

Lesseps is a diplomat and financier, but inne sense w great en- 
gineer, Inthe constroction of the Suox canal, the questions af 
diplomacy ated finance were the most difficult to settle, while the 
engineering probleme were comparatively simple. In Panama 
the opposite conditions prevailed. Concessions were freely given 
him by the Colombian government and money freely affered him 
by the French people, but he never grasped or comprehended the 
diffeulties that mature had planted in his way, and theav only 
seemed to occur to him when they blocked progress in o certain 
direction. The Paris Conference, controlled by Lessepa, decided 
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on the !oth of Mav, 1478, that the comstruetion of an inter 
ace canal wos possthle aed that it should be laikt From the 
Gulf of Linen to the Day of Pann, 

The de-lovel scheme wax adopted ood the following «dimen. 
stots deehlinl pon, vie: Length, 46.6 miles; depth, 26 feet: 
width at water line 14 foet, awd width at bottom Tt feet, 

The route determined upon was about ube same oe that of the 
railroad, that ia along the valleys of the Chagres and Oispa, 
crossing the divide at the Culebra pass anil then descending to 
the Pacitic along the course of the Rie Grande, ‘The profile 
Which ia reproduced from “Selence,” shws the state of progres 
on J uinary det, PASS) and the amount of eveavation Chat. has Ion 
dune ames that time will make lta slivhe difference in the 
appenminve Of the profile, The portion «bow li black is who 
has beew removed alone the oak of the cunnl aml represents fn 
wpenditar Of over Bae5,0000,000 anal seven Years’ labor, The 
rensons that make the selene impracticable are brietly these, 
som of which were known before the work was commenced, and 
al] af which should have been understood. 

The first great diffeulty is in cutting through the pidge eal- 
minating at Culebra where the onginal surface woe 354 feet 
tbove the bed of the proposed canal [t was never known what 
tht geological formation of this ridge wos until the different 
dtiuta were land bare by the woerktiun’s pack, and the slope 
adopted, 14 to 1, was found to be insufficient in the less compact 
formations, even ot the comparatively shallow depth that whe 
réiehed, and many and serous landslides were of frequent occur 
renve, 

Another serious diffeulty was the disposition of the excavated 
material, for upon the completion of » sea-level course this chan- 
nel would natarally drain all the country hitherto tributary to the 
Chagres and Bio (rrande, and any substance not removed toa 
ureit distane world eventually be washed back again inte the 
canal But perlugpa the greatest difficulty was in the contral of 
the immense surface drainage. The Chagres river during the dry 
season is, where it crosses the line of the canal near Gamboa, only 
about two feet deep and 250 feet wide, but during oa flood the 
depth becomes 24 much as forty feet, the width 1,500 feet, and 
the volume of water discharged 140,00 cubie feet per second. 
The bed of the river is here 42 feet above sea level; or 70 feat 
shove what the bottom of canal would have been. Now add to 
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this a 40-foot flood and we have a water surface one hundred and 
ten fcet above the bed of the canal, 

Tn order to keep this-immense volume of water from the canal 
it was propomed to build a large dam at (samiyia, unl to convey 
the water by an entirely different and artificial route to the 
Atlantic. li, is impiwwihle to show on the map the whole drain- 
age area of the Chagres, bet a rough coleulation shows it to be 
about 500 square miles, “This seems a small total diminage area, 
but when itas considered that the annual rainfall is about 12 ree, 
that this rainfall is contined to about one half the year, and that 
in six conscontive hours there has been a precipitation of over six 
inches of ram, some tea of the amount of water that tinds ite 
way through the Chagres river during the wet season may be 
formed. 

As IT said before it was proposed to protect the canal from the 
waters of the wpper Chagres by an immense dam at Gamboa, and 
for the porpose of controlling the water tribatary to the lower 
Chagres two additional canals or channels were ty be constructed 
on cither side of the main ennal Thos, a the river is very tar- 
tnous ind the axis of the conul crossed it twenty-five or ihirty 
limes, many deviations of the former became necessary. In some 
places the canal -was to occupy the bed of the river and in others 
it out across bends leaving the river for its original tatural 
purpose of drainage. The difficulty in retaining the floods in 
these constructed channels would of course be immense, especially 
in eome of the exses where the water rushing along it= natural 
channel ix suddenly turned at right angles into on artiticial 
one, Thus it is clear that aside from. the enormous expanse 
ineldent to the removal of the Immense amouyt of earth ond 
rock nuvéeseary to complete the canal, that granting all tris ae. 
complished, it would be practically impossible to maintain o gen 
level canal by reason of the difficulty in controlling the Chagres 
and preventing the canal from filling wp. 

The canal company finally came to the conclusion that tlhe sea- 
level scheme was impracticable and it was abandoned, and plats 
were prepared for a lock system, As seen an the profile there 
were ten locks proposed, five on each side of the summit level. 
The summit level was to be 160 feet sbowe sea level and conse- 
quently each lock weald have a lift of thirty feet. ‘The profile 
whe constricted expecially to show the amount remaining to be 
executed to.complete the lock system, and 2 mere inspection will 
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show the relative amount of completed and uncompleted aren 
along the axis of the canal, To complete the summit cut it is 
still necessary to excavate 111 feet, 03 Teet having already been 
exeavated, through a horizontal distance of 4900 feet. The width 
of eut at top surface for the required depth ata slope of 14 tol 
would he 740. feet, bot ae | said before, at this slope landslides 
were of frequent occorrence and the slope would prohahly have 
to be morensed to at lenat Y to 1 

isranting the necessary exeavations made, there would be still 
the problem of the contra] of the Chagres river and the water 
stpply for the summit level to provide for, At first it was 
thought that the water supply could be obtained from the storage 
of the waters of the Chagres and Ubispo, but this iden was event- 
ually abandoned, either from oa belief in the meufhiclency of the 
water supply during the dry #ason, or from diffeultiee in the 
way of conveying the water to the summit level. 

Then it war that the advice of Mr. Eiffel, o noted French envi- 
heer, Waa sought, and after a visit to the Isthmus he proposed 
that the summit level should be supplied by pumping from the 
Pacitic, A contract was immodiately made with Enffel, who was 
heralded all over the world as the man who would anve the canal, 
and immediately a postive day, the seventh that had been an- 
nounced, wae fixed for the opening of the great canal, 

Tio net know just how much work was done towards perfecting 
the system for pumping, but probably very litth wis ever acoom- 
jlishod in this direstion, as soon after this keheme was thowgelit of 
the available funds of the canal company began to be very scarce, 
and there ins been since then a general collapse of work all slong 
the Ime ontil now it i# entirely suspended. From what I 
hove said and fromowhat can be seen from the profile, ic will be 
readily understood that as far as the sea-level project is concerned 
the amount cone inet mach more than a seraping of the surface, 
relatively speaking, and that what has been done is in places 
where the oletacles were fewest. 

In regard to the lock canal about one third of the necessary 
exoavation fas been made slong the avis of the canal, but taking 
Inte consideration other requirements necessary for the comple 
tion of the scheme, T should estimate, roughly, that probably only 
on sixth of the whole amount of work had been accomplished. 
The question now naturally arises as to what will be the probable 
Future of this great enterprise, 
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The French people have seen the scheme fail under Lesseps in 
whom they had the most unbounded confidence, and it is not 
likely that they will raise any more money to be put in it aaa 
business enterprise under any other muinagement. Saddled aa It 
if With a debt af nearly four hundred millions of dollars, it would 
be difficult to convince any one that it could ever prove Lo be a 
paving investment. Nordo think that any Americanor English 
corporation can be organized that could obtain snoh concessions: 
from Lesepe us would) make the scheme an inviting field for 
capitalists, and thus my opinion is that the “Compagnie Cnirer- 
ile du Canal Interoctaniqgue ile Panama lus orretrievalily col- 
landed, and that the canal will remain, as it is now, the imcst 
fivantic failure of the age. 
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ACROSS NICARAGUA WITH TRANSIT AND 
MACHETE. 


By EK. E. Peasy. 


Tre action of this National Society, with its array of distin- 
guished members, in turning its attention for an hour to a region 
which has interested the thinking world for more than three een- 
turies gives me peculiar pleasure and satisfaction, 

I propose this evening to touch lightly and brefiy woon the 
natural features of Niearagua, to note the reneone for the inter- 
ext which haa alwaye centered upon her, to trace the growth 
of the great project with which her name i mseparably linked ; 
to show you somewhat in detail, the life, work, and surroundings: 
of an engineer within her herders; and finally te show you the 
result that to crown the engineirs work in ber wide spreading 
forests and fertile valleys, 

That portion of Central American now ineladed within the 
lhitindarics of Gur sister republic Nicnragua, has almost from the 
moment that European eves looked upon it attracted and 
charmed the attention of explorers, reographers, préat rolers, stu 
dents, and men of saguciousd and far reaching intellect. 

From Gomarn the long bist of famous oimex which have 
linked? themselves. with Nicaragua reaches down through Huom- 
bolde Napoleon 1, Anunen, Lall, Menocal and “Faylor. 

The shores were fret seen by Kuropeans in 1402, when Colum- 
bux in his fourth voyaoe roundel the cape which forma the 
northeast angle of the state, and called it “Gracias « Dios,” 
which name it beurs today, Columbus then cousted southward 
mong the eustern shure 

In 1422, Avila, ponetrate] from the Paetic coast of the coun- 
try to the lakes and the cities of the Indian inhabitants. 
Previous to this the country wea occupied by & numerous 
population of Aztecs, or nearly allied people, as the gqoan- 
tities of specimens of pottery, gold images, and other articles 
Tound apon the islands and along the shores of the lakes, prove 
conclusively, 
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Tn 1629 the connection of the lakes with the Caribbean sea 
was discovered, and daring the last half of the eighteenth cen- 
tury a sonsiderable commerce was carried on by this route 
between Granadaon Lake Nicaragua and the cities of Nombre 
de Dios, Cartagena, Havana and Cadiz. 

Tn 182) Nicaragua threw off the rule of the mother country 
aod in 1829 formed with her sister Spanish colonies, a confedera- 
tion. This confederation wae dissolved in 1838, and sinee then 
Nicuragua how conducted her own affairs, In point of advance- 
ment, financial solidity and stability of government she stands to- 
day nearly, if not quite, at the head of the Central Amverioan 
repablics, 

Nitaragua extends over a littl more than four degrees each of 
latitude and longitude, from about N.1t* to N.18? and from 
83° 20° W. to 87” 40" W. 

Tts longest side is the northern border from the Gulf of Fon- 
deca northeasterly to Cape Ciracias a Dios, two hundred and ninety 
niles. From that cape scuth to the mouth of the Rio San Juan, 
the Caribbean eoast line, is two handred and fifty miles, Nearly 
due west scress the Isthmus to Salinas Bay on the Pacific, 1s one 
hundred and twenty miles. The Pacitie const line extendas thence 
northwest one hundred and maty miles. 

In point of site Nicaragua stands firat among the Central 
American republics having an area of $1,600 equare miles, It is 
larger than either the State of New York of Pennsylvania, albawut 
the «tixc of Denmark, Belgium, the Netherlands and Switzerland 
combined, and ta one-fourth o« large of France or Germany. Its 
population numbers about dO), 000, 

The Gulf of Fonseca, at the northern, and Salinas Bay at the 
RoUuthern extremity of the coast line are two of the finest and 
largest harbors on the Pacifie coust of Central America, About 
midway between them is the fine harbor of Corinto, and there 
are also several other ports along the const, at San Juan del Sur, 
Brite and Tamarindita, On the Caribbean voast ng harbors sutt- 
able for large vewsele exist, but numerous lagoons and bights 
afford the best of shelter for coasting vessel, 

The central portion of Nivaragiua i traversed, from north to 
south, by the main cordifferu of the isthmus; which, here greatly 
reduced in altitude, consists merely of o confused mass of poaks 
and ridges with an average elevation scarcely exceeding 1100 
fewt. 
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Between this mountainous region aed the Caribbean shore 
stretches a low level country, covere with a dense forest, rich in 
rubber, cedar, mahovany and dive wowle [1 te drained lig sewv- 
eral large rivers whore fertile intervales will yield almost incred- 
ible harvests of plantoins, bananas, oranges, limes, and other 
tropleal fruits, 

Weat of the moutitain 2one it a broae valley, about one lian: 
dread and twenty-tve feet abowy the level of tit mein, ate titted nie 
from the Galf of Fonsens, sini hoaatorly he the frontier of Cvestn 
Kien, The greater portion of this valley is occupied tiv two 
lakes, Managua and Nicaragua. The latter one honidrod and ten 
tiles lone by fifty or siaty miles wite ts really an inland mea, 
hemp one-half ae large is ‘Lake Gntario and twiee oe Loree as 
Long Island Sound. ‘These Inkes, with the rainfall of the adja- 
cent valleys, drain through the noble San Juan river, whieh dis 
charvet into the Carthboan at Greytown, at the southeast augle 
of the country. 

Between the Pacific ond these lakes ies narrow strip of land, 
from twelve ti thirty miles in. whith, stretching from the magnifi- 
cot plam of Leon with ite cathedral city, i the north, to the rol: 
ling indiga hells gol the cocay plantations which surround the 
ganien city of Rivas, in the south, 

The lowest pans ache the backhone af the New World, from 
Bebring’s Strait co the Straite of Magellan, extends along the 
San Justi valley and acroes the Lajas—Rio Grande “divide,” be- 
treen Take Nicarazwi and the Pacitie; the simmit of this 
divide is only vne hetero asd Hfty-twe feet abowe thee meth cod 
forty-two feot above the lake. 

Siena presets vet another unique physica) featore, 
Lymg “ween the elevated nmowntain masa of Costa Hien 
on the syuth and tlonduras on the oorth, the average eleva- 
tion of ite own mountain backbone hardly one thousand fret, it 
is the matural thoroughfare of the beietioent dortheawt Trades. 
Thess winds sweepoin from the Caribbean across the Atlaritie 
slopes, break the surface af the lakes inte agiark Hinge waves, anv 
then disappear over the Pacific, aerating, werden ge and purifving 
the ecuntry, destroying the germs of disease and making Nicarn- 
gris thee henlthivst repioti in Central America. 

The scenery of the eastern portion of the country of the 
luxuriant sameness peculiar to all tropical countries, 


#18 National feeagraphive Magazine. 


Tn the vicinity of the lakes and between them and the Pacific, 
the idlated mountain peaks whieh bound the plain of Leon 
on the northeast ; the mountain islands of Madera and Ometepe ; 
the towering turquoise tastes of the Costa Rican voleanoes : 
nnd the distait blie niountiuns of Segovia and Matayalpa, visible 
beyond tlie epscr & Lites waters of the lakes, feast the ya with 
scenic beauties, unsurpassed elsewhere nf grandeur, varrety and 
nichness of coloring. 

The products of the country are numerous despite the fact that 
its Tens are ae vet abmeet entirely undeveloped, 

Maize, plantains, bananas, oranges, limes, and indeed every 
tropical fruit, thrive in abundance. Coffee is grown in large 
quantities in the hilly region in the northwest ; sirir, Lobaeer, 
cotton, rice, indigo and eneao plantations abaand between the 
Inkes and the Pacific ; potatoes and wheat thrive in the uplands 
af Segovia; the Chontales region east of Lake Nicaragua, a 
great gracing section, supports thousands of hoad of cattle ; and 
back of this are the gold and silver districts of La Libertad, 
Javali and others. 

Numerous trees and plants of medicinal and cotumercial value 
are {uund in the forests, Game is plentiful and of numerous 
varieties ; deer, wild hog, wild turkey, manatee and tapir; and 
fish abound in the streams and rivers, The temperature of 
Nicaragua ia equatile, The extreme variation, recorded by 
Childs, was 25° ohecrved near the bead of the San Juan in 
May, 1&51. 

The southeast wind predominates during the rainy season, 
Occasionally, in Jane or October as a role, the wind hauls round 
to southwest aud a femporu! resuits, heavy rain sometimes falling 
for a week or ten days, 

The equatorial cloud-belt, following the sun north in the spring, 
is late reaching Nvoaragriia, and the wet season is shorter than m1 
reion# farther south. ‘Che average rainfall, based on the reeords 
of nine years, in 64.42 inches. The “trades” blow almost 
throughout the year, Strong dunng the dry season and Hrenh= 
ening daring the day ; the wind comes from the east-northenst 
nnd blows usually for four to five days, when, hauling to the ene 
ar southoust fora day or two, it calms down, then gooa back to 
northeast and rises again, 

The Spanish discoverers of the great Lake Nicaragua, coming 
upon it from the Pacific, and noting the fluctuations of level caused 
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by the action of the wind upon its browd surface, mistook these 
Huctustions for tides ond felt sssored that some broad strait con- 
nected it with the North Sen. Later, when Machuea had discov- 
ered the grand river outlet of the lake, and the restless searching 
of other explorers in every bay and inlet along both sides of the 
American isthmus had extinguished forever the ignis fatuus 
“Seeret of the Strait,” Gomara pointed this ont as ane of the 
rmaoat favorable localities, far an artificial communication between 
the North and South Seas. 

It was not until 1631, however, that an acotrate and scientific 
survey of a ship canal route was inade by Col. O, W. Childs, 

This survey which showed the like of Ntearagna to be only 
one bonmdred and seven feet ahove the sea, and the maxim ele 
vation between the lake and the Pacitic to by only forty-one fect, 
exhibited the advantages of this route so clearly and in-such an 
tnianswertble manner that it has never sinvte heen posable to 
iotere it. 

In L870, wider the wdministeation of Genera] Gorant sod larwely 
throuvh the uncessing «forts of Admiral Ammen, the United 
States borin a series of systemutic surveys of all the rotutes 
across the American isthons from Tehusotyper to the lead 
waters of the Rio Atrate ¢ and six years later, with the plans and 
results of all these surveys lofory it, a rotimission composed of 
General Homphrevs, Chief of Kogineers; U.S, Army; Hon. 
Carlile Patterson, Superintondent VW. 8. Coast Survey ; and Rear- 
Aduiral Daniel Ammen, Chief of Borean of Navigation, U, 
Navy; gave ite verdict tn favor of the Nicaragua route, 

The International Canal Congress at Parte, i 1479, had pouch 
ednvineing information placed before it that it was forced, in 
spite of its prejadives, to admit that in the advantages it offered 
for the construction of a lock canal, the Nicaragua ronte wos 
eiperior to any other seress the American isthoius. 

In is8Td, and again in 1830 Civil Engineer ALG. Menoenl, UU, 
=. N., the chief engineer of previous poverumental surveys, re- 
surveyed andl revises portions of the route, aodoin 1884 the sane 
engineer, assisted by myself, survevedan entirely new ling on the 
Caribbean side, from Greytown to the San Juan river, near the 
mouth of the San Carlos. 

On the enstern side of Nicaragua, all these curveys (execpt the 
last), were confined almost entirely to the San Juan river, and its 


immediate banks; and the country on either side beyond these 
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narrow limits was, up to 1865, almost entirely unknown, Between 
Lake Nicaragua and the Pacific, however, every pass fromthe Hay 
of Salinas to the Gulf of Fonseca bad been examined, 

In thes the party of which | was acmember pushed nearly 
direet line acrivs the eountry from a péint on the San tuan, 
about three miles below the mouth of the Riv San Carlos, te 
Grevtown, 2 distance of thirty one iniles by our line, a8 compared 
with fifty six miles by the river aod forty-two miles by the 
former propiased oan) rete, 

In Dieember, 1287, Lowent ont in charge of o final surveying 
expedition, consisting of some forty engineers amd ossistants-and 
one handred and fifty luborers, to resurvey and stake ont the 
line af the canal preparitory te the work of cutatruction, 

The information ‘aud parsons) experience gained in previous 
survevs made it possible, without Ine of time, te loeate the 
Vorlons sections of thy expedition in the most sulvantageoun man- 
ner, and push the work with the greatest specail Consistent with 
WOOUrAEY. 

The location lines of the previews survevs were taken as a pre- 
liminary line and oarefuile remensed and refevellod.  Pre- 
lngingry offsets were run: the location made, and staked off upon 
the ground; offsets-ricn in from three hundred to one hundred feet 
apart, extending levoud the slave limite of the eatals borings 
mate at frequent intervals ; aul all streams gauged, 

The result of this work Was a series of detail charts and piri 
files, hosed upon rigidly chocked thatrumental data, and covering 
the entire ine from Gerectown ta Grito, from which to eatunate 
quantities and cost. 

Agmav be imagine) be those familiar with tropic] countries, 
the prosecution of a survey ay they regions is pn arduous and 
difivult work, and one denunding sperial qualifications in the en- 
gineer, [is daye are tilled with a surevssion of surprises, usually 
disagreeable, anil CALNE hiakpy ae ings of the unexpected, Froth 
ils ih nether eiuntcy will the traveler, explorer, or engineer, 
find such an enellews tariety of obstacles to his progress, 

Every toporraptioal feature of the voice te alitbed ya 
hidkden onder oa tropical growth of luge trees andl tungled under: 
lirash, so iletete that it is linpwiaibihe for even o strony, notive man, 
bordened with nothing but a ole, te force hinkwelf thromyh it 
without a shor, heavy eword or meachéte, with which to out bts 
Wih¥. 
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Under these circumstances the most observant engineer and ex- 
pert woidsman may pass within a hundred feet of the base of o 
conuderable hil! and not have o suspicion ef its existence, or he 
may be entirely unaware of the proximity of a stream anthl he i 
on the point of stepplig over the edge of its precipitous banks. 

The topography of the country bas to be laboriously felt out, 
much as a blind man familiarizes himeelf with his surroundings, 
Io doing this work the indispensable instrument, without which 
the transit, the level, and indeed the engineer himeclf t= of no use, 
is the national weapon of Nicaragua, the machéte, a short, 
heavy sword, 

As soon as he ts able to walk, the son of the Nicaraguan sore 
orAgdivo takes as an plaything o piece of iron hoop or an old 
knife, and imitates his father with his machete: As he gets 
older a broken or worn-down weapon is given him, and when he 
gable to handle ity a full sive mechere is entrusted te him and he 
then considers: himself a man, From that day on, waking or 
sleeping, our Nicaragquan’s suvechéte isalways at his ade, With it 
he cute his wary through the womls; with ithe buikle his eamp and 
hie bed: with it be kills his game and fish; with it at a punch 
he shaves himew!{, or extracts the thorns from. his feet : with it 
le fights his duels, and with it, when he divs, his comrades dig 
his erave, | 

Wen to the fiell the chie of a parte, aquipperd With ii jrocket 
compass Nod At aneroid barometer, m4 always skirmishing ahead 
of the line with a wermehetero, or axeman, to cutapathiorhim A 
pusting chief, however, speedily «lispenses with the serechitero 
and -slu<hies a wavy for limsell much more rapidly, 

AS son fs he clecides where the Line be to re the Miri neer walls 
to the scarecteterose ard the two best ones immediately begin eut- 
tiie toward the sound ef his voi, They sian slash a nar- 
row pathoto him, drive a stake where he was standing aml then 
tity back towed the other waeteterod, who have been following 
thoi, cutting oa wher poth sand clearing away all trees, vines and 
Lrateles. 80 that the transit man can see the fae at the stuike, 
The moment the lending: nveleterca reach bio the clive starte off 
again and by the tune the main body of axemen have reached his 
former position the head miaechoteroeare catting toward the sound 
of lis voute in a new penition, 

As soon ct the line is cleared the transit man tukes his sight 
and mives dhead to the stake, the chainmen follow and. drive 
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stakes every hundred feet, ani thie Jevellur follows putting im 
elevations atid eros) sections, In this way the work gous att 
from early morning until nearly dark, stopping about an hour for 
luneh, 

After the day's werk comes the dinner, the table greed with 
wild bog, or turkey, or venison, oral, After dinner the smoke, 
then the days notessare worked uy aod duplicated amd all hands 
get into their nets. For a mnoment the countless nocturnal motses 
of the great forest, enlivened perhaps by the serum of a tiger, 
or the deep, mnffed mar of a poi, fall upon drowsy ears, then 
follows tla alin (leat, always ST a hard work and wrod 
health, ti the lwil-eoiced howling monkeys set the forest echo 
ing with their annoaneement of the hreaking dawn, 

Th retonndissance and preliniinary work thie experienc] engi: 
eer teable, ii many cases, to aveil obstacles without vitloting 
thi resales of his work, but in the final location, in staking out 
nbeoluty curves and driving tangents thousands of feet lony 
ferese Country, mo clwdiping: ia pomsible, 

Qn the bills amd elevated ground the engineer can, comparn- 
tively sponking, get along quite comfortably, his principal annoy: 
ances being the uneven character of the ground, which compels 
him ta set hie tnstrument vairy Erequintly, and the necessity af 
felling some sivattiv tree every new and then, 

In the valleys and lowlands there fe an tiicesing round of 
obstacles, ‘The Hive may run fur some distanes over level ground 
eovere with a comparatively opon growth, then without worn 
ine dh oncaunters the week of atallen tree, iii liowrk are eon: 
aumed Tawi a passige thromih the mass: nf broken Titiles ond 
elattered tronks al matted and beand together with vines and 
dirubberv. A Tithe farther on a stream te crossed, and the fine 
Tay cross tel reeross four or Tye ties to thee newt therusnnd feet, 
The engitiewr mitiat either chimb dawn the Sleep hanks, for the 
streame Tarrw deep in cht stiff clay of those vallevs, ford the 
stream and clk the oppedite hank, cr tie inst fall a ttee from 
hak to bank and erote ot its slippery trink twenty or fwenty- 
five foot above the water, 

heather ont the itnitiilite bank or in ite ViOipity 1= cleat ate. 
tain to be encountered a "eaceate” clearing, This may be only 
one or two hundred feet across or itmay bea half a mile: In the 
former case the “aeecate™ graze will be ten or tifteen feet in 
height and so matted amd interwoven with vines and briars 
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that a tunnel MW tar cot throwek vt is through oh hiodee, 
Lf othe clenring be large, the tough, wiry prose ie no higher than a 
man's head, ala path has te he tiwel throwerh it, while the 
ain heats dewn into the furnacetike enclosure till the blade of 
the wachite becomes nlmaat too het te towels, 

But worse than anything thos far mentioned are the Siteo or 
bivek polm swamps, Some of thee in the larger valleys and 
fear the comet ore niles ti extent, 

Oueupied exulusively by the low, thick Sifieo palins, these 
avpmpe atin the wer esason ahaolotely impassable exewpt for 
Ton Kays ard cL orn tons, sod even at the end of thay dry ET 
the engineer enters upon one with sinking heart aa well a= feet, 
amd cinerces fram it tired amd wed op in every portion of his 
anatomy, [tos with the ttrmest diffiealty that he fink a prac- 
Heable place to Tneate Nis invtrument, generally utilizing the 
fttle Iiinuweeks formed hy the thinks of the clusters of petlrns, 
anil in moving from point to point le is enupelled te wade from 
kode ti shonlder theif i in the block opiel ad woe. 

Goneral recannaissmiows fron high trees in elevated lovalities, 
simple ghoul in theory. ape Ly oo monn ens ind Country ao 
miscrly: with its secrets as this, bor Fe thutr remnlis fetiable 
without » great exyemlinuce of time, labor, and patience, 

(Wa level, wnmdulating and modemtely broken ground, the tope 
of the thes, though they may be one livndred and fifty feet from 
the orounil, wre level aa the top af a hele, Even an isolated 
ouhif it be pounded in suai presents hardly better facilition, the 
tress at the bade and on the sides, in thetreffort ta roach the sun 
light grow taller than thom on the aiaiomit, and there is no one 
tre’ that commands all the others, 

If however an isolated hill of several hundred feet in height 
be foun, itk steep sides culminating in a sharp poak, one day's 
work by three or four good axmen, in cutting neighboring trees, 
Will prepare the way fora study of the general relief and topog: 

raphy of the adjacent country, Tf after these preliminaries have 
hein completed the engineer imagines that he has only to climb 
the tree and sketch what he sees, to obtain reliable knowledge of 
the country, he i¢ doomed to serious surprises in the future, Tf 
he makes the ageent during the middle of the dav, he will, after 
he has oodled off and rested from hia ex huutiatin ge efforts, ace 
spread out before him a shimmering landscape in which the uni 
form green carpet.and the vertices! ein combined, have obliterat 
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all outlines except the more prominent itreyularities of the ter- 
rene, and have blended different meuntaim ranges, one of which 
may be several miles beyond the other, inte one, of which only 
the sky profile is distinct, Naturally under these conditions 
estimated Of distance may be half or double the truth, 

There are two ways of extracting reliable information from 
these treetop reconnaisennoes, Tf it bo in the rainy season the 
Gbeerver must be prepared to make a day of it, and when he 
mscends the tree in the morning be takes with him o« long light 
una with which to pall up his coffee and Iaoch. 

) aided by the successive showers which aweep across the 
Lasdbadiie: leaving fragments of iistsin the nivines,and hanging 
grey screens between the different ranges and mountains, bringing 
out. the relief first of this und then of that section, an accurate 
tketeh may gradually be made, The time.of passage of ao shower 
from one peak to another, or to the observer, may also be utilized 
asa by no means to be despised chock wpon distance estimates. 

If it be the dry season, the oliserver may take his choiee he: 
tween remaining on his perch in the tree from before sunrise to 
after funset, oF makeing (Wo msacente, on early iin Lhe Merde Lnigr 
and the other late in the afternoon, In this case the slowly dis- 
persing clouds of morning, and the gradually eathering mists at 
sunset, together with the reversed lights and shadows at dawn 
and sunset, bring out very ¢learly the relief of the terrens, thy 
overlupping of distant ranges, and the course of the larger 
SsLreams. 

This kind of work cannot be delegated tu anyone, and busides 
the arducus labor involved in clunbiog the huge trees, there are 
other serious annoyances connected with it. The climber is 
almost certain te distur) some venomous insect which revenges 
itself by a savage sting which has to be «wnduared; or he may rei 
Clothes and skin also, on some thomy vine, or another, crashed by 
lis efforts, may extdde a juice whieh with leave bin tattocul for 
va; then, though there mayno, be a mosquite or fy ar the 
base of the tree, the top will be infested with mvriad< of minute 
black files, which cover hutnds und fore, and with Ox tremely 
ninoving resilts. Ou the other hand the explorer may a3 a cecom- 
pensation have bis nostrils filled with the perfume of some bril- 
ant orchid on a neighboring branch; and there iv a breezy 
enjoyment in watching the showers as they rush meross the greon 
carpet, and in listening to the roar with which the big drops beat 
upon the tree tops. 
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The special phase of field work which fell to my personal lot 
wos entirely PeCOnnniseAnot, CoOntsting of canoe examinations of 
all streams in the vienity of the line of the canal, to determine 
their xourees, character of valley, and approximate water shed ; 
of rapid air-line compass and anerotl trails, to connect one 
stream, or valley head with another, or furtish a base line for a 
ueneral sketch plan of a valley ; and af stuties of the larger 
features of the terrane, from elevated tree topa. 

The Inst has been already deseribed 5 in the eenotnd the ex peri- 
ence was very aimilar to that of the parties in rinnninu main Jines, 
On these occasions three or at midst four hardy Anliroa (rubber 
hunters) comprised the purty, worrying the blankets, ince Witis 
bare and provisions for several days, ond one or tw cutting the 
lightest possible practicable trail and marking proinent trees, 

In a day's march of from five toeieht miles und thiswas the 
utmost that even such a hght, active and experienced party could 
cover in one day, every porsible and some almovt impossible kinds 
wf traveling was encountered, andl thoroughly exhausted men 
erept inte their hare every night. 

The canoe reconnaissances were inore agreeable, thouyh some 
most dnpledsant as well ss most enjovablle memories are connetted 
with them. 

The innamertble larg fallen trees which obstruct the steewme 
and over or through which the canoe must be hauled hodily, the 
aimest inevitable capeaizing of the canoe, the menotenous ced ebay, 
hanks on either side and the frequent eyes iby anf Ly brass down nt 
night ita bed ef eid inte which the droves of wild pigs which 
inhabit these valleys eve trampled the clayey soil, an among 
tha disagrieallie ineitiente, 

From the head of qanue navivativn te their sence che char 
geber of these <trenibs bs ontirely different, mid both in [HaS and 
it 1285 T have followed then for Up info thenttain gorges, the 
beauty of whiel) mas fresh in mv meaner fe if Thad been there 
Tiegh yocent orday. | | 

The erew of the canoe on these reeounoissances usually con- 
sisted of thee picked men, and when the eanou had been piashier| 
as dar tip stream as it was possible for i then, twooof the men 
were leftowith i while the thint and) lest, slinging the blankers, 
lars, anda Tinthe ollie, sugar, amd milk, upon his tack pushed on 
with mw Wadme Hhroveh the shallow water np: the bed of the 
streain, takinu liwarings vil etimating distances, while my Amferg 

Vir, | | 
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fallowed, ever alert to strike some drowsy beauty of a fish in the 
¢lear water; the source of the stream was generally reached in 
aidoy, andl never did we make preparations to sleep on some bel 
of clean, yellow sand washed down hy the stream in flood times, 
but what I had a plamp turkey hanging from my belt, and my 
huléro several fine fish. — 

Much has been written about the clitnate of Nicaragua and. tte 
effect apn the inhabitants of more northerly countries when ex 
pomed be at, 

It would seem that the experience of the numerous expeditions 
aon aul by the United Stites, wed the reports of the surgeons at- 
tachi tu these expeditions wonlel liave long since settled the 
matter. To thise who eannot undertand how there een he such o 
differcnes in climate between two localities so alightiy removed a 
Panwma and Nicaragua, and the former possessing & toter - 
ously deadly climate, the oxpertcnce Of the recent surveying tx- 
pedition must be conclusive, 

Only five members of thot expedition hadover been in trop 
cal climates before, anil the roiiien anil chaininen jaf the party 
Were yOUEg Mme just Guta? college Whe til never dine a day" - 
manoal labor, nor slept on tle proud v night in their lives, Ar- 
riving at Greytown clicring the roliy sense, the first work that 
they ennduntered was the Levuauagecert itis of ivir supplies ani 
Camp wyuipage to the sites of the varias emmps, This had te be 
done by means of nanees along streams ohatracted with loge ane 
fallen tres. Some parties were a week in reaching their des- 
tination, wading ail sximuing by dag, lifting and poshing their 
canoes alone, aol at night ving alown on} the prod to asleep, 

Ove party worked for «ia months inthe swamps and lagoon 
region directly back of Greytown, and several other parties 
worked for anequal length of the in the wqnally disagreoable 
srampe of the valley of the San Francis, Several of theses 
officers art idewn there vot, as freehoas ever: Tn making tours of 
inapection uf tlie different aaeget POLS | huaver repeated by, for apvern| 
days and nights in suecession, jiasscl the days traveling m the 
woods through sways and rain, aol the might sleeping as best 
TL could, curled op onder a blanket in. a pail! wands, wile my 
men paddled from ct camp: to the text. 

In spite of all this exposure net cooly were there no dvaths in 
the expedition hut there was not a singly cose of serione illness, 
soil the officers whe have teteried op lo this tome, were in better 
health and weight than when they went away. 
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Of course the men had the best of food that money could ob- 
Lain ond previous experionce sugmest, and the chiefs of all parties 
were roquired to siriethy enforce eortain sanitary regulations in 
regard to eoffey in the morning; a thorough bath and dee of 
apinite on returning from werk, and mosyuito bars amd dry sleep. 
ing stite at night; yet the climate must be held principally re- 
apormsitde for o sanitary reenle which J believe could mot be ex- 
celled in any temperate zone city, with the same number of men, 
doing the same arta work under conditions av myual exposure, 

The forests everywhere atin by game and every party whieh 
included in its personel a vou rifleeshot was sureoof a eonKtant 
supply of wild piu, turkey, yoatl al grouse, wirkerd by fn oer 
sional deer, allohtariod in the ondiniry work Of reconnoixkinen 
and surveving. Fur the men's table ther was abundance of 
monkey, iziana dnd macuw. 

Parties in the lower valleys of the various streams liad noo 
trouble wv ai bibinngr two or three varwties of very toothenome fish. 
te their bill of fare, though these fish were rarely caught with 
the hook, lat asually shot, or knifed bean alert native, as they 
basked in the shallows. These parties also ohtained occasionally 
Affe (tapi) or & manatee. - 

Onethe river tt was possible tu obtaln o fine string of tish with 
look ood Tine, then there was the huge tarpou to be had for the 
dpoaring, aa] fish pots sunk in soitable piluces wore sure to yield 
i iess of fresh watwr lobewes: Deck= were also oovasionally 
wheat. 

The form: of fife are even more nimercos in the vepetable than 
in the animal kingdom. The effert of these wonderful forests 
is idiecribabbe, il Towel gia wither Taye essed a descrip 
tien, Dhave vel to ree anethat does the subject juative, Only a 
strople eoumeration of component pits will he attempted. here. 
Kirt comes the grand bealy of the forest, huge alnandra, havilan, 
wunehipilin, artes cOdar, werlonwokl, jmile ale lowly trees, and 
others rtsinar odie hitb sid ffty or tee hale) fect inte the 
xcintillant sth, “Choeeutire foliage af these trees te at the top 
and thar great trunks reaching up for a lunideed feet or more 
without a branch after a wh Hert iil VAT of stuvlies iu Cv prs uf 
colimy, Sen tise stracht and sinioth, and troe, other send 
out thin Lewy litieressie, gal eithiiies tek Ueber Che cubed krotted 
forearm of a ‘Pian, with onarkel fingers griping the ground in 
thitie wide yermsps. 
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Bat whatever the form of the tree tranks may be, the shallow 
aot upon the hillé and the marshy soil tn the lowinnds, lins taught 
them that there le greater safety and stability in a broad founda- 
tion than in a deeply penetrating one, anid so almost without 
exception the tree roots spread out widely,.on, or near, the sur- 
fies, Beneath the protecting ahelter of these patriarchs, as com- 
pletely protected from seorching sun and rushing wind as if in 
conservatary, grow innumerable varieties of palma, voung Lrees 
destined some day to be winots themselves, and others which 
never attain erestt wize, Still lower down, Juxuriate smaller palms, 
tree ferns, and dense underbrosh, and countless vines Those 
latter, however, ure by no means confined to the underbrush, 
many of them climb to the very tops of the tallest trees, cling 
about their trunks and tind then te other trees amd to the 
ground with the toughst of ropes, With one of two excep. 
tions these vines are an anmitiveted nuisance, To them more 
think tea anything vie is due the impenetrablenvss of the tropienl 
thicket. OF al] sizes and all as tough os herp lines, they creep 
along the ground, eatehing the traveler's feet in a mesh from 
which release is posaibleouly by cutting, They tid the uder- 
brash together im a tongh, clot te mat, which eatehes and holds 
on Lo emery projection about the elothes, jerking revolvers from 
belts, and wrenching the rifle from the hand, or, hanging in trap- 
like loope from the trees, cateh one about the neck, or constantly 
drag one's hat from the head. The one exception noted above is 
the Jiejes wine or water vine, “This vine, whieh looks like an 
ald worn mania repo, tm to be found hanging from or twined 
abont almost every large tres opow elevated ground, and to the 
hit and thirsty explorer it furnishes a most deliciously cool and 
clear drasuchit. 

Seizing the vine in the left hand, a stroke of the woarhéle severd 
ita footortwohelow the lund, and another quick stroke severs 
itngnin mbove the hated ; toriniedintely a stream of clear, tasteless 
water ives From the daywer wil ard miw be cnupht tn a dipper 
or iia wafire directly in the mouth A three-foot length of vine 
two invhes insliameter will furnish atleast a pintof water. The 
etiler of cutting mentione! above must invariably be adhered to, 
otherwiee, 7 the apper cot be made frst, the thirsty novice will 
find hie has in his land euly a piece of dry corklike rope 

It ia practically impossibly to jodye of the age of the huge trees 
in these forests, Mighty with inherent strength, stayed to the 
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wropod maul to their fellows by the numerous vines, sheltered and 
protected also by their fellows from the shock of storms, their 
huge trunks have litth to do except support the direct weight of 
the tops, and they rarely fall antil they have reach) the last stages 
of decay. Then some day the sudden impact of a ton or two of 
water dropped from some forions tropical shower, or the vibra- 
tiond from a hurrying troop af monkeys, or the spring of a tiger, 
is too much for one of the giant branches heavy with ite load of 
vines und parasites, anid it wives wiv, breaking the vines in every 
direction and splitting a huge strip from the main truuk. With 
ibis Sip pnts thus broken and the whole weight of thw remaining 
branches on one side, the weakened trunk sways for # moment 
they bows to ita fate, “The remaining vines break with the resist- 
less «train, and the old giant gathering velocity as he falls and 
dragging with him everything in his reach, crashes to the earth 
with a roar whieh elieite eres of terror From bird and. beast, 
and gows hovming through the quivering forest like the report 
ofa howwy cannon, ok patch of blug sky overliead and a pile of 
impenetrable debris below, mark for years the grave of the old 
here, 

As regards the inseot and reptile pests of the country it has 
been my experience that both their numbers and capacity for 
lermvtt have tween greatly ehargerated. Mosqtitoes, Nice of 
VATioUs sizes, wasps and slinging aote exist, and the fitet ion 
some places in large numbers; yet to a person who has any 
Of the woodaman's craft of taking care of himself, ood whose 
blood is net abnormally svisitive Lo inseet poisons, they pre. 
gent no terrors amd hut ight anneveices. At our headquarter 
camp on San Prancisey taland, we had ne mosquitoes from 
ennrae bo mined, and owen after simaet they were not especially 
numervas, At ayother camp only afew miles away there were 
black fliea only aml no tuieqiitees, at another both, while at 
the compe op in the lites there were neither, It was only at 
camps in the wut lowlands and near ewatnps, that they become an 
almost unvndirably annovane. Even here it was these who 
remained im camp that eqffere| most, Men owt in the thick 
brush were but little annoyed by them, and when on their return 
to «amp they had finished their dinner and gotten into their 
mosquita bars they were oat of their reach, As to snokes, the 
flanger from them even toa European, is practically nothing, 
Sot aman of the aevernl hundred that have heen engaged jn the 
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various expeditions in that country has ever been bitten, and 
1 hundreds of miles of tramping through the worst forests 
af the country, either ontirely alone or if accompanied by natives, 
With thom some distance in the rear, | have never fancied oivaelf 
in danger, “The potsonoas winkes are invariably sligwish, and 
itleas petnally struck or stopped upon are apt to try to get out 
of the way, if they make anyomove, The only snake that ie at 
all aggressive, a© far as my observations go, is a long, black, 
hon-poisonowd stake. “This will sometimes advance mpon the 
intruder with head rail a couple of feet from the ground, 
or if coiled about a tree will Inah at him with it» tail, 

The floral exhibit of these forests te apt to be disappointing to 
one whine ident have heen forme tev peettoel of Tench An 
oecasional icarlet passion flower > now and then the fragraut cluster 
af the lor deftero: a few insignificant though fragrant fowermge 
ahrubs; and in muddy sloughs near the streams, patches of wild 
callas; ore aboot all that meet the eye of the non-botanical wan- 
dérer in the deup forest, 

There # wot light enough for fuwers benvath the dense canapy 
of trees, anil thay, like this stnaller lirda, seek the tre Lope anil 
the hanks of the river where sunlight and sir ure abundant, En 
the tree tops the orchids and other flowering parasites run rit, 
Many of the trees are themselves flowering, and if one eau Took 
down ipen the tree tore of a valley in March or April, hie seus the 
freon expanse entivenel by htaxing patches of crimaou, yellow, 
purple, pink; and white. 

‘The river hanks are the foyertte home of the lowering Fils, 
and thers they farni oheat curtuine ewavin From the trees in 
bright patterns of vellow, pink, med and white The grassy 
lanks ool islauds, and the shallow <q syits alu bring forth 
Hiamernble varietios of ajuntic plint=, 

Somuth for the Athoitie shop of the oountey 

On the west sido hetwoon the Lake and the Pavifie the work 
is very different, There tt ts possible to ride mule back to the 
mopeaf a conagmlivg ill, sit down pod make the reconnnissance 
sketch mt leisnre, Tie aaron ery Penna ees Heh clade be 
made mule-back, and everywhere the rolling COUT nl ihe 

hearted atid eultivated te lila, parton tbe arlygp mnt’ ton where Tee 
is grotne ane) bow bie ds perebtny, 

His surroundings urv also different. He meved camp in an ox- 
cart instead of aeanoe, Tis eves instoml of being eonfined he 
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the impenetrable veil of the tropical thicket, feast upon views of 
the distant mountains, the crisp waves of the Lake, and the blue 
expumse of the Pacific, During the day hy meets black-eyed and 
brown-limbel sefiuritas, instead of will hogs and turkeys, snc ILE 
hight as he turnd in, le heare, not the sereain Of tigers, bot the 
songs of the ferewiera’y corn danghters floating acrows the streain 
which sapplies their wash-tubs and his emmy. 

The first grand natural featore which arresta attention in the 
most corsory examintiin ot the map ef Niearacun a the Great 
Lake. ‘This lake with an area of some three thomeand aqMare 
miles anda watershed of bagi eight thous! aquare miles, is 
movie in the large proportion of ite own aoe to that of tts water- 
lo. AC result of this Janie proportion of water surfer te 
dratnige vreo, ah ones uvident, is the very gradual changes of 
level of the lake owl their coulimemnent within very narrow limite, 
The differmice lintweott the fewel of the lake at the close of an 
abenormiully ‘Ley epbsenrs varied btw Deva) ot ihe ecbeee aeP cath abnormally 
wel seasdics at niere than wn feet, aid, the mma annual Muetn- 
ation is mbaiit five feet 

The text features that arrest attention are, first, the very 
narrow ribbon of lid intervening botwoen the western shore of 
the Luke and the Pacifiv, and second, tlie entice ahbeence of Iptera] 
tributaries of any stee to the oppor halfiof the San Juan River, 
The river is in fiiet, ax~ it Wok orteinall ¥ tet apthy named, simply 
the} Ds cea 7 or abrir et tle Laake, 

The length of this river ts an hondeed ane twenty miles, from 
the Lake tu the Coribbenn Sei, ated ite total fall from one hundred 
to one hiunmeltw! aid ten feet Mature lias separated the river 
inte two nearly wrvpiaial divisions, presenting wWistinet and Opi pOmi Le 
Curae erie fees 

From Lake Nicaragus te thy mouth of the Rie San Carlos, a 
distance of #ixty-qneg miles, in which occur several rapids, the 
total deseent in Gite feet, yite irregelarly divtributed however. 
"The surfaces ley gees Gt the river vary from as much as BG3a joches 
per mile for ashorl distance at Castilla rapids, to anby .o0 inch 
per imile through the Agia Mierie, the dead water below the 
Machnoa rapids, 

The average width of the river through this opper section tn 
seven bundre! feet, the mininim four hindred and twenty. tn 
eninge party of the Agua Muerte the depth varies fram tifty tq 
seventy-live feet. 
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There are yery few islands in this section of the river, the 
hanks are covered with huge trees matted with vines, atid theowwgh- 
out the lower half of the division, from Tora mpids to the rot Ly 
of the Sain Carlos, the river is eoutined between steep hills and 
Mmaoiun Loans, 

Asa result of the absence of considerable tributaries already 
noted, the fluctuations of thie portion of the river conform closely 
to those of the Lake, nod condequently take place gradually and 
are limited in range. 

Below the Rio San Carlos the San Joan chonges its character 
entirely, Ite average width is twelve homdred and fifty feet, ite 
bottom ix sandy, there are comeroue islands, and the slope of the 
river i almost aniformly one foot por mile, 

The discharge into thin section of two large tributaries, the 
“an Carlos and the Sarapiqui, descending from the steep slopex of 
the Costa Rican volcanoes, causes touch more kudden and consid- 
‘rable fluctuations of level than in the upper river, 

While the lower portion of the river and especially the delta 
suction presents very interesting features, vet the peculiar charm 
of the river is tn the upper section, and the oxeeptional advantages 
it offers for obtaining miles of slack water navigation. This por- 
nien of the river with the luke ond the narrow isthmus between it 
un the Pacitic forms a tro of natural adyantages for the con- 
struction of a canal, the tnportance of which it would be difficult 
tab crwar Ge Crates. 

About three miles below the mouth of the San Carlos, the Catia 
Machado enters the San Juan on the north bank. This stream, 
about ane hundred feet wide and from emht to ten feet deap, is 
the last of the mountain or torrmntial tributaries of the San Juan. 
It can scarcely be said to have a valley, but occupies the bed of a 
roggid ravine extending for several miles northerly and north- 
westerly up inte the easterly Aank of the cordillera Every 
variety of ignedus rock, from light porous pumice to dene metallic 
green-black livperithene andesite, may be picked up in the bed 
Of this stream, Avates alee are oontinet and there are oceasional 
maskes of jasper, Farther up, frequent outcrops of trap om site 
occur, Interaperss) in senie localities with numerous vena of 
agate. 

Twelve miles below the Machado the San Francisco enters the 
San Juan, This stream, with ite several tributaries, draine 4 large 
swampy valley sprinkled with irregular hammocks and hills, For 
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several miles from the San Juan it is a sluggish, muddy stream 
between steep slippery banks ; higher up, flowing over a gravelly 
and then a rocky bed, it finally disappears in steep ravines 
filled with boge bowlders. The main San Francisco comes 
from the northwest, but a large tributary haa its source to the 
eastward in a range of hille which separates the San Franciseo 
basin from the immediate Caribbean watershed. This range, 
unlike the ones already noted, is at heart an uninterrupted mass 
of homogeneous bypersthene andesite, and with one exeeption 
nothing but fragments of trap or trap in #ifu, is to be found in 
any of the stream descending from either ita western uf eastern 
slopes. The one exception is the Cafiite Maria, a tributary af 
the San Francisco, entering it but litle more thana mile from the 
San Juan, In the bed of this stream were abundant specimens of 
agates, jaspec, and petrified woods of several varieties F 
wonderfally good state of preservation. 

This range of hills ends at the Tamborcito bend of the San 
Juan, four miles below the mouth of the San Franctseo, and is the 
last easterly projecting spur from the mountain hackbone of the 
interior. Between it and the coast there are, however, mountain 
masses of equal or greater elevation, notably “ El Gigante” and 
the Silico hills, the former vome fifteen hundred feet high, but 
these are simply isolated mountain ganglia, their innumerable 
radisting spars speedily giving way lo swampe or river valleys, 

The streams that flow down the eastern slope of the Silico hills 
are, from their sources to the lowlands, of almost idyllic beauty. 
Begining aenoisy litth: brooks tumbling over black rocka in a 
V-shaped ravine near the summit of the hills they repidly cather 
volume and slide along in a polished channel of trap, tombling 
every now and then as sheets of white spray over vertical ledges 
forming here and there deep green pools, and then after they 
have passed down among the foot-hills, rippling in broad shallow 
reaches over sunlit beds of bright yellow gravel. The water of 
these streams i# clear and eparkling us that of an Alpine stream 
and apparently almost as cool, The insect pests of the tropics 
are unknown in the elevated portions of their valleys, and I have 
slept more than once beside one of these streams, several hundred 
feet above sen level, without a mosquito bar, while the delightful 
“trades,” rustling through the trees above me, brought the mur- 
mur of the Caribbean surf miles awey, to mingle with that of the 
Alreim. 
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The «oil of this range consists, to a depth of ten to forty feet, 
of clay of various grades and colors, red prevailing. In the 
valleva this clay is almost invariably of a very dense consistency, 
and deep, dark red mm color. 

From the foot-hills of the range to the coast, is a low level 
stretch of country, a dozen miles wide, interspersed with 
lagoons and swamps. Near the hills, where the elevation of the 
ground will overage about fifteen feet abowe sea level, the sail is 
composed almost entirely of the before mentioned red clay, 
which ovessionally amsumes the form of hummocks. Within 
about six miles of the coast this stratum of clay gradually disap- 
pears under a layer of sand, which is in turn covered, hy a vege- 
table mould, to a depth of a few feet. From this point toy Lbjer sag, 
the average elevation is barely five feet above the sen level, and 
the sand and mould above mentioned are the only materials met. 
A short dutance from the oevan the vegetable eartli-covering 
disappears and only the sand j# left, extending to an unknown 
depth and-reaching out into the sea. 

Woatof Lake Nicaragua, from the Bio Lajas to Brito, as we 
leave the lake shore, the ground rises almost imperceptibly to 
the “Divide” among cleared and gently undulating fields, ‘Then 
we drop into the 4inucus gorge of the Rio Grande only to emerge, 
a fow miles farther on, into the upper end of the Rie Grande and 
Tola basin. 

To the right the Tola valley stretches to the northward, and 
all around high and wooded hilis encirelo the valleys exeept 
direotly in front wheres narrow gateway m the coast hills opens 
to the Pacific. In the bottem of this valley are a few farms and 
through it wander deviows roads, Beyond the narrow gateway 
in the hills, leas than three miles of level swampy acfings reach to 
the surf of the Pacific. 

The views from the hills which flank the gateway of the Rio 
Grande, at La Flor, are wonderfully attractive. T well remember 
ona camp on the hillwide, from which in onw direction the eye 
takes in the fertile valley of the Tola and Rio Grande, backed by 
the rolling hills of the “ Divide” and over thom the -symmetriaal 
peak of Ometepe, ite base washed by the waves of the great 
lake, In the other direction the Pacific liet apparently but o 
stone's throw below, the little port of Krito at one’s very feet. 

This same camp inspired one young engmecr and enthusiast to 
express himself something as follows ; 
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“What if, in this camp, we should, like Rip Van Winkle, asleep 
for ten yeara, and then awakening look about as? Weare still 
at Grito, bot instead of being in the wilderness, we look down 
upon a thriving ety. inthe harbor are ships from all ports of 
the world, Siips from San Franciaeo, bound for New York, 
about to pass throagh the canal and shorten their journey by 
1H) miles, Ships from Valparaiso, headed for New York, 
which will take the short cut and save 5000 miles and the dread 
atorms of Cape Horn At many  masthend flouts the British 
fag, and vessels from Liverpool, with them bows turned towards 
San Franciseo, hove shortened their journey by 7000 miles.” 

“Woe voobourd one of the many steamers fying the “stars and 
stripes " and start eastward. All along the line the face of the 
country has changed; the fertile shores of the Tolu basin are 
occupied by cacao plantations, fields have replaced forests, vil- 
lares have grown to towns, and factories driven by the exhaust- 
less water power furnished by the canal have sprung up on every 
available site,” 

“ Along the shore of the lake are immense dry docks, and vessels 
are resting in this huge freah water harbor before setting out 
again on their long voyages. The broad bosom of the noble San 
Juan is quivering with the strokes of tireless propellors, The 
roar of the great dat at Ochoa ie heard fora moment and then 
the eastern section of the canal is:entered, Here the country is 
scarcely recognisable so greatly has it chonged. Wildernesa and 
marsh hove disuppeared, and only great fields of plantains und 
bananas and dark green orange groves are to be seen, A day 
from Brite and the steamer’s bow is rising ‘to the long blne swell 
af the Caribbean at Greytown,” 

Well ‘4 this pictore caleulated te excite enthusiam, for it mrann 
the dream of centuries realized, the ery of commerce answered, 
and our imperial Orient snd Occident-facing Republic resting 
content with coaate united from Eastport to the Strait of Fuca, 
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